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Foreword 


W-STEM Project 


Gender equality must be central to how all our public organisations operate. Gender 
equality metrics must be transparent. Gender equality demands nothing less. Gender 
equality benefits everyone—men, women, students and society. 

As the first minister in Ireland in charge of Higher Education, I wanted to imple- 
ment change that outlived my tenure and that was a legacy for our young daughters, 
our granddaughters and for all the female students in the future who will aspire to a 
higher education in fair and equitable institutions. 

Gender inequality exists in our third-level institutions not because of a lack of 
talent or ambition, but because of systemic barriers and a culture that means talent 
alone is not always enough to guarantee success. Gender inequality is discrimination, 
pure and simple, and I was committed to ensuring that this wrongful practice of 
discriminating against the appointment of senior female academics stopped within 
our publicly funded Higher Education Institutions. 

I acknowledge the impressive body of work accomplished by Maire Geoghegan- 
Quinn and her team in the National Review of Gender Equality in Higher Education 
(2016). Although that report included sixty-six recommendations for action, there 
was unfortunately no real driver for change within the institutions. I used that report 
as a springboard to devise a clear and achievable road map and action plan on how 
we would provide transformative change within our Third Level Institutions. In 
November 2017, I established a Gender Equality Taskforce which gave a much 
greater emphasis to the work of achieving gender equality in our higher education 
institutions. I also want to acknowledge the work done by Department of Education 
and Skills officials and the Attorney General that allowed me to vehemently argue 
the case with my government colleagues and get cabinet approval. 

A ground-breaking initiative I introduced which I am incredibly proud of is the 
Senior Academic Leadership Initiative (SALI). It was a blunt message to the Irish 
Higher Education institutions: Get you act together. It rocked boats especially the 
luxury liners of the male hierarchies. 
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The SALI female only initiative ensured that forty-five qualified, competent 
female academic staff could compete for professorial tenure without conscious and 
unconscious bias, within a three-year time frame.This breaks down gender role 
stereotyping, and students in disciplines traditionally underrepresented by women 
can now see role models that they can aspire to. 

The achievement of gender equality requires a genuine commitment and I believe 
my department officials and I delivered on this. 

I hope my work in this area resonates for years. For me rocked boats are frankly 
irrelevant especially when it came to the righting of an obvious and longstanding 
wrong. 


Mary Mitchell O’Connor 

Minister of State for Higher Education 
(2017—2020) 

Dublin, Ireland 


Preface 


Equity, access and democratisation of Higher Education are targets related to the 
sustainable development goals (Inter-Agency and Expert Group on SDG Indicators, 
2017). Although the fourth goal focuses on gender equality, ensuring inclusive and 
equitable quality education and promoting lifelong learning opportunities for all, 
gender equality is a cross-cutting objective present in most of the SDGs (Esquivel & 
Sweetman, 2016; Pradhan, Costa, Rybski, Lucht, & Kropp, 2017). The gender gap 
is a challenge in all sectors of society, but is especially visible in STEM (Science, 
Technology, Engineering, and Mathematics), both in an educational and professional 
context (Botella, Rueda, López-Iñesta, & Marzal, 2019; Gomez, Abadia Alvarado, & 
Bernal Nisperuza, 2020; Quirós et al., 2018; UNESCO. Director-General 2009— 
2017, 2017; Wang & Degol, 2017; World Economic Forum, 2016). According to 
the UNESCO Institute for Statistics, the mean percentage of female students in 
tertiary education enrolled in engineering, manufacturing and construction programs 
is between 6% and 7% between 2015 and 2018; in contrast, the percentage of male 
students choosing these careers is around 20-21%. 

The result of the underrepresentation group is that many important questions and 
different points of view are not discussed, losing many important questions and 
ideas, made by distinct and rich groups that compose the society, that can benefit all 
(García-Holgado, González-González, & Peixoto, 2020). Moreover, this is also an 
economic issue; according to the European Union, increasing the number of women 
in digital jobs will increase the Gross Domestic Product in Europe (Seo, Huang, & 
Han, 2017). 

Organizations across the world are working on reducing the gender gap in 
STEM, but the situation depends on many factors not only related to cultural 
and socio-economic context but also factors such as self-perception, self-efficacy 
or previous educational experiences (Cadaret, Hartung, Subich, & Weigold, 2017; 
Leaper, & Starr, 2019; Lent, Brown, & Hackett, 1994; Lent, Brown, & Hackett, 
2000; Moss-Racusin, Dovidio, Brescoll, Graham, & Handelsman, 2012; Malik, & 
Al-Emran, 2018; Salami, 2007; Salas-Morera, Cejas Molina, Olivares Olmedilla, 
García-Hernández, & Palomo-Romero, 2019; Seo, Huang, & Han, 2017). Further- 
more, there are many steps across the development of the career where the number 
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of women decreases in these areas: when they enter the university, when they join 
the labour market and when they achieve high professional positions (Seo, Huang, & 
Han, 2017; Amon, 2017). 

Closing this gender gap requires a holistic approach that involves not only the 
educational sector (primary, secondary and tertiary education) but also other spheres. 
It is necessary to face this problem working on the social norms and stereotypes 
that influence in the perception of how a STEM person should be, the professional 
progression, the entrepreneurship and innovation sector, the gender balance and 
gender perspective in research, and the formulation of policies. In this context, higher 
education institutions have a crucial role in the implementation of measures to reduce 
the gender gap in STEM. They have an impact on other educational levels through 
the training of future teachers, and also have an impact in the labour market. Further- 
more, there is a need for modernising policies, governance, and strengthening rela- 
tions between higher education systems and the economic and social environment, 
including other educational levels, to work in closing the gender gap in STEM. 

This book addresses the challenges related to women in STEM in higher educa- 
tion, gathering research, studies, good practices, experiences and so on about the 
engagement, accessing and retention of women in the STEM disciplines, also the 
strategies of the universities and policymakers to reduce the existing gender gap in 
these areas. The chapters provide an overview of the approaches implemented in 
different regions worldwide and provide numerous examples that can be transferred 
to other higher education institutions. 


Salamanca, Spain Francisco José Garcia-Pefialvo 
Salamanca, Spain Alicia García-Holgado 
Monterrey, Mexico Angeles Dominguez 
Valparaíso, Chile Jimena Pascual 
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Chapter 1 A) 
A Model for Bridging the Gender Gap get 
in STEM in Higher Education 

Institutions 


Alicia García-Holgado and Francisco José García-Peñalvo 


Abstract Women present a historic and worrying gap in science and technology- 
related disciplines, generally knowns as STEM (Science, Technology, Engineering, 
and Mathematics), except in the case of health professions. A holistic approach is 
needed to support policymakers worldwide in bridging the gender gap in STEM, in 
which higher education institutions have a crucial role. Promoting this active impli- 
cation of the universities in this problem, in the European project Building the future 
of Latin America: engaging women into STEM (W-STEM), a model to modernise 
the government, management and operation of higher education institutions in Latin 
America to improve attraction, access to and retention of women in STEM programs 
has been developed. This situation is not exclusive to Latin American countries, it 
is a global problem, so the results of the W-STEM project are also applicable to 
European partners and transferrable worldwide. The main goal of this chapter is 
to describe the W-STEM model based on three years of working on strategies and 
mechanisms to improve the attraction, access, guidance, and retention processes to 
engage more women in STEM programs. The model has been thoroughly tested in 
eleven institutions in Chile, Colombia, Costa Rica, Ecuador, and Mexico, involving 
public and private institutions with different gender equality situations. 
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11 Introduction 


Gender equality refers to the equal rights, responsibilities and opportunities of women 
and men and girls and boys. This means that women’s and men’s rights, responsi- 
bilities and opportunities will not depend on whether they are born male or female 
(OSAGI, 2021). It is goal 5 in the 2030 agenda for Sustainable Development, but 
also gender equality cuts across all 17 Sustainable Development Goals (SDG) and is 
reflected in 45 targets and 54 indicators for the SDGs (Dugarova, 2019; Inter-Agency 
and Expert Group on SDG Indicators, 2017; Pradhan et al., 2017). Gender equality is 
also part of the European Union (EU) policies so that gender equality and women's 
empowerment are promoted and financially supported worldwide. 

Higher Education Institutions (HEI) have a major role in contributing to the SDGs, 
not only in their internal policies but also in preparing students for the challenges of 
the twenty-first century. HEIs are a key element to ensure the sustainability of the 
SDGs. Besides goal 4, ensure inclusive and equitable quality education and promote 
lifelong learning opportunities for all, HEIs define processes and actions related to 
poverty (SDG 1), health and well-being (SDG 3), gender equality (SDG 5) or climate 
change (SDG13), among others. 

According to the Global Gender Gap Report, no country has yet to achieve full 
gender parity. The Global Gender gap score in 2021 is 67.7%, which means that 
the remaining gap to close stands at 32.3% (World Economic Forum, 2021). This 
index measures the gender-based differences in four key dimensions and tracks the 
narrowing of these gaps over time: economic participation and opportunity, educa- 
tional attainment, health and survival and political empowerment. Each subindex 
provides a score related to gender parity. In particular, 9596 of educational attainment 
gaps have been closed already. However, there are gender gaps in higher education 
worldwide, although the enrolment rates in tertiary education achieved full gender 
parity in most of the countries (UIS. Stat, 2016). 

Women are persistently underrepresented in science, technology, engineering, 
and mathematics (STEM) (Directorate-General for Research and Innovation 
Horizon, 2020; OECD, 2015; Tomassini, 2021; UNESCO, 2007; UNESCO Institute 
for Statistics, 2018). Although most countries have more women than men enrolled 
in tertiary education, the number of women in tertiary education who choose STEM 
is around 15% (UNESCO. Director-General 2009-2017, 2017). For example, only 
13.76% of women in tertiary education choose STEM compared to 35.12% of men 
in Colombia (0.39 gender gap score). The situation is worst in Spain, with a gender 
gap score of 0.33, Finland with 0.25 or Ireland with 0.38. 

The STEM labour force is a fundamental tool for responding to the needs of 
twenty-first- century society; it has a crucial role in sustainable development. More- 
over, market forces are transforming industries (World Economic Forum, 2016), not 
only in favour of technology skills development, but also the need for STEM skills 
such as critical thinking, problem-solving or innovation (World Economic Forum, 
2020). Besides the lack of women in STEM, there is also a lack of workers to fill the 
needs of the STEM labour force. 


1 A Model for Bridging the Gender Gap in STEM ... 3 


On the other hand, evidence shows that increasing gender diversity in STEM 
may lead to more effective problem-solving and improved innovations (Kahn & 
Ginther, 2017), and can have long-term effects not only on gender equality but also 
on economic development (World Economic Forum, 2017). According to Quirós 
et al. (2018), more women in digital jobs would benefit the European Gross Domestic 
Product (GDP) by up to 16 trillion euros per year in the European context. 

Increasing diversity in STEM, with a particular focus on women, is on the agendas 
of governments and public and private entities. Foster social inclusion and increasing 
the female participation in STEM is one of the key challenges of the European Union 
(García-Holgado et al., 20202). The EU support actions through initiatives such as the 
European Platform of Women Scientists (EPWS) or funding projects like INGDVIS 
(Increasing Gender Diversity in STEM) (Ballatore et al., 2020) or Coding4Girls 
(Hoié-Bozié et al., 2020). 

A holistic approach is needed to support policymakers worldwide in bridging 
the gender gap in STEM. Many factors contribute to this problem, including self- 
perception, self-efficacy, interest in science, expectations of results, previous educa- 
tional experiences, family and social context (Lent et al., 1994). According to the 
SAGA project (STEM and Gender Advancement) (UNESCO, 2016, 2018), the 
gender gap in STEM should be faced through seven macro objectives covering not 
only social norms but also educational and professional pathways, and research and 
decision-making (Fig. 1.1): 


e Change perception, attitudes, behaviours, social norms, and stereotypes towards 
women in STEM in society. 


Social 
norms and 


stereotypes i 
Entrepre- YP Primary 


neurship and 
and secondary 
innovation education 


Holistic 


approach 


Higher 
education 


Career 
Research develop- 
ment 


Fig. 1.1 SAGA gender objectives. Based on (UNESCO, 2018) 
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e Engage girls and young women in STEM primary and secondary education, as 
well as in technical and vocational education and training. 

e Attraction, access to and retention of women in STEM higher education at all 

levels. 

Gender equality in career progression for scientists and engineers (S&E). 

Promote the gender dimension in research content, practice and agendas. 

Promote gender equality in STEM-related policymaking. 

Promote gender equality in science and technology-based entrepreneurship and 

innovation activities. 


In this holistic approach, higher education institutions have a major role. They 
directly impact primary and secondary education because they prepare future 
teachers, so HEI can work on training pre-service teachers for fostering STEM voca- 
tions with an emphasis on engaging girls and young women. Likewise, HEI should 
work on measures to ensure gender equality in career development for staff. Further- 
more, HEI plays an important role in research, so they can implement strategies and 
mechanisms to ensure the gender dimension in research content and develop studies 
that reduce the gender gap in STEM in a feedback loop. On the other hand, HEIs 
indirectly impact policies and entrepreneurship and innovation activities because 
they prepare future professionals and decision-makers. 

In this context, the European project Building the future of Latin America: 
engaging women into STEM (Garcia-Holgado et al., 2019; Garcia-Pefialvo, 2019; 
García-Pefíalvo et al., 2019) has developed a model to modernise the government, 
management and operation of higher education institutions in Latin America to 
improve attraction, access to and retention of women in STEM programs. 

This chapter describes the W-STEM model for bridging the gender gap in STEM 
in higher education institutions. The chapter has been organised in the following way. 
Section 2 introduces the W-STEM project. Section 3 presents the W-STEM model. 
Section 4 describes the main results after piloting the W-STEM model in 10 Latin 
American universities. Finally, the last section summarises the main conclusions. 


1.3 The Project 


There is a lack of contribution of Higher Education Institutions to face the challenges 
related to reducing the gender gap in STEM, as most actions remain at the public 
policy level. HEIs need to face specific demands: 


* Access to data and better analytical methods to establish the real dimension of 
gender inequality. 

* To define the problem scope determining the real margin of influence and action 
to improve access and participation of Women in STEM. 

* To involve leadership and management in mid and long-term strategies ensuring 
intended actions and resources to make them sustainable. 
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e To mapin a clear way the processes and mechanisms that are potentially blocking 
and bias in attraction, access, retention, guidance of Women in STEM. 

• To develop effective tools to achieve an increase in enrolment rates. 

e To improve policies to attract, enrol, support, guide and monitor students in a 
differentiated manner. 


W-STEM project, “Building the future of Latin America: engaging women into 
STEM" (Reference 598,923-EPP-1-2018-1-EN-EPPKA2-CBHE-JP), is a European 
project funded by the European Union through the Erasmus + program, capacity- 
building in Higher Education call. The project is a structural project that seeks a 
systemic impact in the Latin American region by promoting reforms in higher educa- 
tion systems, modernising policies, governance and strengthening relations between 
higher education systems and the economic and social environment (Garcia-Holgado 
et al., 2019). 

The project provides strategic intervention affecting gender equality policies, with 
a special focus on the attraction and guidance of women in STEM careers, important 
for current and future society. While some European countries are at higher develop- 
mental stages, culture on gender equality is embedded in the universities. Thus, they 
have mature procedures, experiences, regulations, etc., which can be transferred to 
Latin American institutions through this project. On the other hand, the gender gap 
is a global problem, so the European institutions will also learn how to improve their 
processes. 

The funding period started in January 2019 and will finish in July 2022, although 
the network will continue reducing the gender gap in STEM (https://wstemproj 
ect.eu/). The consortium consists of fifteen HEI, five from Europe and ten from 
Latin America: 


University of Salamanca — USAL (Spain) as coordinator. 
Universidad del Norte - UNINORTE (Colombia). 

Oulu University – OULU (Finland). 

Politecnico di Torino — POLITO (Italy). 

Technological University Dublin — TUD (Ireland). 

Northern Regional College – МЕС (United Kingdom). 
Tecnológico de Monterrey — ITESM (Mexico). 

Universidad de Guadalajara - UDG (Mexico). 

Universidad Técnica Federico Santa María - UTSM (Chile). 
Universidad Pontificia Católica de Valparaíso – PUCV (Chile). 
Universidad Tecnológica de Bolívar – UTB (Colombia). 
Tecnológico de Costa Rica – ITCR (Costa Rica). 
Universidad de Costa Rica – ОСЕ (Costa Rica). 
Universidad Técnica Particular де Loja – UTPL (Ecuador). 
P15 Technical University of the North – UTN (Ecuador). 
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Furthermore, each university has also involved secondary education schools as 
associated partners to work with them in the attraction processes of girls and young 
women to STEM studies. Finally, UNESCO also participates as associated partner 
and Columbus Association as external evaluator. 


1.3 W-STEM Model 


Higher Education Institutions can directly impact the attraction, access to and reten- 
tion of women in STEM higher education at all levels (UNESCO, 2016, 2018). First, 
the attraction processes can impact before the students get to university. Later, the 
access processes mainly affect the application and enrolment activities when women 
students try to join STEM programs. 

There is a critical issue regarding guidance and retention when women are 
at university due to dropout rates, both while studying and when they join the 
labour market. Previous studies identify the support received by the STEM students 
from their academic institutions and teachers is low (García-Holgado et al., 2020; 
Pefia-Calvo et al., 2016). For this reason, HEIs must improve these processes. 

The W-STEM model proposes a workflow with different tools and guidelines to 
impact these three processes, attraction, access and guidance/retention from the HEIs. 
The workflow involves four phases (Fig. 1.2). The first phase, situation analysis, is 
review and self-assessment tasks focused on reflection and insight. It is necessary to 
identify the current state of women in STEM programs because the rate of women in 
each program depends on different factors; it is not the same for science, technology, 
engineering or mathematics-related degrees. 

The second phase starts once we know the real situation of our institution. This 
phase focuses on defining the Gender Equality Action Plan (GEAP) to define the 


Measuring 
Implementation impact and 


Definition of the 
Situation analysis E Gender Equality 


Б " hi f 
Action Plan of the actions achievement о 


objectives 


Fig. 1.2 W-STEM workflow to reduce the gender gap in STEM 
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strategy and the objectives, and design actions to achieve them. Despite Gender 
Equality Plans (GEP) being mandatory at the university level in most European 
countries, this is not always required in Latin American HEIs. Moreover, the GEP 
usually focuses on gender equality among the staff and academic community but not 
are directly related to reducing the gender gap in STEM. 

The next phase covers implementing the actions defined in the Gender Equality 
Action Plan. These actions work on attraction, access, and guidance processes. 
Finally, the last phase ensures compliance with the objectives established in the 
GEAP. It implements mechanisms to measure the impact and achievement of 
the objectives, and the results are used to update the GEAP or improve the 
implementation of the actions. 


1.3.1 Situation Analysis 


The main objective of the first phase is to identify the current situation of women in 
STEM programs inside the HEI. The results associated with the situation analysis 
are three: 


• Programs with a significant gender gap. 

• Knowledge about the processes inside the institution regarding attraction, access 
to and guidance. 

• Good practices inside and outside the institution. 


This phase is also divided into three stages or sub-phases, each one with an 
instrument to collect the required information and a dataset that serves as input for 
the definition of the gender equality action plan in STEM programs. Moreover, each 
stage is focused on one of the mentioned results and is an input for the next stage. 
Figure 1.3 summarises the process. 


Phase 1. Phase 2. Phase 3. 


Self-assessment > ux mapping » Benchmarking 


M 


Processes of Best practices 
attraction, access 


and guidance 


Quantiative 
Indicators 


Fig. 1.3 Situation analysis stages 
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1.3.1.1 Self-Assessment 


The first stage is “self-assessment”. It focuses on measuring STEM gender equality in 
the university concerning attraction, access, guidance, retention and other processes, 
only on the quantitative side. The data collected is key for the rest of the process 
because it will determine the strategy defined in phase 2, the Gender Equality Action 
Plan. 

We designed a survey to collect quantitative indicators related to undergraduate 
education level only (bachelor’s degree or equivalent), although it is possible to use 
it for a master’s degree or doctorate. The baseline of this instrument is the UNESCO 
SAGA Toolkit, which is a conceptual and methodological framework to provide 
a series of tools to integrate, monitor and evaluate gender equality in STEM and 
assist in the design of gender-sensitive and evidence-based policies to strengthen 
the gender policy agenda (UNESCO, 2017). The survey is made up of items from 
the SAGA Indicator Matrix, a tool with 45 indicators to assess on an institutional 
level the effects of policies and instruments in science, technology and innovation 
as well as availability and possible need to further develop such policies and instru- 
ments to advancing women’s participation and career advancement in STEM fields 
(UNESCO, 2017). 

The indicators are organised into ten categories: institutional background informa- 
tion (total number of students and staff: males/females); STEM Programs according 
to ISCED 2013 classification—broad field; students; attraction; access; enrolment; 
discrimination; sexual harassment; guidance; dropouts. 

The W-STEM self-assessment survey includes indicators from 4 to 26. More- 
over, we modified indicator 9 “Total and share of women graduated from university 
programs by field of study and by educational level,” replaced by “Total and share of 
women graduated from university programs by field of study". Besides, the survey 
includes two new indicators, 46 and 47. Indicator 46 is based on indicator 9, but 
focused on guidance of women enrolled and graduated in STEM programs, which 
also consists of four sub-indicators: 


• 46.1. Provide the total number of applicants who enrolled in first year in your 
university who successfully completed first year by field of study. 

• 46.2. Provide the total number of female applicants who enrolled in first year in 
your university who successfully completed first year by field of study. 

• 46.3. Provide the number of students in your university who graduated in 2018 
by field of study. 

• 46.4. Provide the number of female students in your university who graduated in 
2018 by field of study. 


Concerning indicator 47, it measures female dropout in STEM programs, and it 
has two sub-indicators: 


• 47.1. Total dropout at first year. 
e 47.2. Зћаге of the female dropouts during the first year. 
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Finally, some indicators are complemented with a set of questions to identify 
related policies. The survey template is available on (W-STEM Consortium, 2019a). 
The self-assessment must be applied at the beginning of the process, collecting 
information from the last academic year. Although covering more academic years is 
possible, one year is enough due to a challenge to feed the indicators with sufficient 
data (Garcia-Holgado et al., 2020c). On the other hand, all indicators are important; 
however, not all are mandatory. At least the institution should complete the indicators, 
4 to 8, 14, 15, 46 and 47. 


1.3.1.2 Process Mapping 


Higher Education Institutions are complex organisations due to the multiplicity of 
purposes, the involvement of multiple actors in the decision-making processes, the 
different organisational cultures that coexist within the organisation or the complex 
structure that derives from its nature. Even though the people working on the gender 
gap in STEM is part of the institution, most will not be aware of all the details of the 
institution’s functioning unless they have been part of the management team. 

This stage provides a clear map of all the steps and the involved stakeholders 
in the key processes of the project: attraction, access, retention, and guidance. It 
complements the results of the indicators found during the self-assessment from a 
qualitative point of view and allows identifying bottlenecks, deficiencies, possibilities 
and who are involved and their roles. 

The definition of the process mapping template (W-STEM Consortium, 2019b) 
and the guidelines was supported by an external expert to ensure that data collection is 
carried out in a similar way regardless of the institution and that all necessary elements 
are covered. The mapping should include plans, strategies and policies, measures and 
initiatives, institutional framework at different levels (university, department, etc.), 
and any stage (planning/execution/evaluation or closing phases, in development, or 
already finished). 

The template has four datasheets, one per macro-categories (attraction, access, 
guidance and retention). Each sheet provides a set of columns to organise the input 
information. Each macro category is divided into subcategories and activities. For 
example, the access category could be divided into admission to the first undergrad- 
uate semester, tuition payment, academic enrolment, etc. These subcategories will 
depend on the institution. 

Moreover, each subcategory is divided into activities and the following informa- 
tion is provided: the name of the activity, a short description of the activity and the 
impact on the target groups. Finally, the departments, services or units in charge of 
each subcategory and/or activity should be provided (García-Holgado et al., 2020c). 

The mapping process can be carried out after the self-assessment or parallel and 
should reflect the current situation. It is a snapshot of the institution’s performance 
on gender gap issues with special attention to STEM. The output of this stage will 
be useful to involve decision-makers in the next phase, the definition of the Gender 
Equality Action Plan. 
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1.3.1.3 Benchmarking 


The gender gap in STEM is not a new issue; many organisations and communities 
are working on reducing the gender gap in STEM. Initiatives such as Nifias Pro in 
Chile (Vidal et al., 2021), a Female Engineer in Every School in Spain (Cerezo et al., 
2018) or Women in Science & Engineering (WiSE) in the United States (Paderewski- 
Rodríguez et al., 2017) are some examples of actions developed by Higher Education 
Institutions to engage more girls into STEM. 

The situation analysis phase includes a stage to consider those actions that already 
work and learn from the previous problems and decisions. The W-STEM model 
proposes two ways to conduct this stage. On the one hand, a systematic research 
projects review (SRPR) (García-Holgado et al., 2020d) to identify funding projects 
related to the gender gap in STEM. For example, in the European Union, there is a 
strong investment in projects focused on gender in STEM (García-Holgado et al., 
2020a). Those projects have outcomes that can be transferred to other institutions, 
such as educational materials, online courses, examples of good practices or software 
tools. 

On the other hand, benchmarking rounds focused on attraction, access and guid- 
ance/retention. The methodology proposed to conduct the benchmarking round is 
based on the Columbus Association methodology. It is a process applied in compa- 
nies and can be transferred to universities. It is a structured process—a series of 
actions, steps, functions or activities—that leads to comparing services-activities- 
processes-outputs-outcomes to identify and adopt good practices to improve univer- 
sity performance. In the W-STEM model, benchmarking rounds aim to identify poli- 
cies, procedures and mechanisms that are considered good practices in attracting, 
accessing and mentoring women in STEM programs to be adapted to the needs 
identified in the institution. 

The benchmarking can be conducted internally in large universities, for example, 
with different campuses, but it can also involve several institutions participating in 
the preparation process and the dynamics afterwards. Each institution has to collect 
examples of good practices that might be interesting and of novelty from an institu- 
tional point of view. This could be related to any of the three processes (attraction, 
access and guidance or retention); it may even impact more than one process at а 
time. Furthermore, the institution can identify lessons learned or problems encoun- 
tered in implementing an action. The preparation process can follow the template 
prepared in W-STEM (W-STEM Consortium, 2019c). After collecting the informa- 
tion, each institution shares the good practices, lessons learned and problems in an 
event, face-to-face or online. 


1.3.2 Definition of the Gender Equality Action Plan 


Typically, a gender equality plan (GEP implies establishing and making effective a 
set of basic principles to safeguard gender equality in all the spheres of academic 
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life. It also establishes the core actions to be developed in the university, across 
its different levels: human resources practices and management processes, student 
services and institutional communication, research design and delivery, and insti- 
tutional communication (Barros et al., 2018). However, the GEAP proposed in the 
W-STEM model is supplementary to GEP already developed in some HEI. Despite 
the GEAP implementing some measures to ensure gender equality inside STEM 
programs, the principal focus is reducing the gender gap in those programs through 
gender equality actions. Moreover, the GEAP works in attraction and access, which 
are not directly internal processes of the institution itself but seek to work outside 
the institution. 

The GEAP includes specific actions to increase access, attraction and guidance of 
women in STEM programs. The results from the previous phase, situation analysis, 
are inputs to define the GEAP. First, indicators from the self-assessment will serve 
to identify the target STEM programs. Second, the process mapping will provide 
useful information about the processes already implemented in the institution, so the 
actions defined in the GEAP could change those processes or introduce new ones. 
Finally, the benchmarking results provide ideas and learning lessons to define some 
actions to achieve the GEAP objectives. 

The definition of the action plan should follow three steps: define the strategy; 
design the objectives; and define the actions to achieve the objectives. The strategy 
definition should include a short text to contextualise the action plan. This is not a 
state of the art or theoretical introduction; its goal is to explain the plan’s purpose. 

Regarding the actions, it should be noted that each objective must be associated 
with more than one action; in another case, the objective is not well defined. The 
actions definition is not only the presentation of the action, but also the process 
to identify the person or persons responsible for each action, the services in the 
university that will help to implement the actions and achieve the objectives, and 
the persons that will support the implementation of the action. Furthermore, the 
description of the actions will include a timeline to establish the implementation 
timing for each action and identify the milestones. 


1.3.3 Implementation of Actions and Measuring Impact 
and Achievement of Objectives 


The implementation of the actions defined in the GEAP, and monitoring are the last 
phases of the W-STEM model. The implementation phase depends on the actions 
defined by the institutions. However, it is necessary to consider the monitoring phase 
when we develop those actions. For this reason, the actions should include mecha- 
nisms to measure the impact to assess the achievement of the GEAP objectives and 
the quality of the implementation process. 

Actions must include surveys, observation mechanisms, evidence gathering, etc., 
to have enough data to support decision-making processes during the monitoring 
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phase. Furthermore, the measures will have an impact on the actions. Therefore, 
actions that are carried out on a regular basis will be updated or replaced by others 
if the expected impact is not achieved. 

Finally, it is possible using benchmarking rounds as monitoring activities. These 
rounds can be organised internally, involving the stakeholders involved in the GEAP, 
to review the progress done, learn from the different actions implemented, and make 
decisions about the GEAP. Also, it is possible to invite other institutions to the 
benchmarking round, not only for identifying good practices, but also for sharing 
learning lessons and solving common problems. 


1.4 Main Results 


The results of the W-STEM models depend on each institution. However, this section 
summarises some relevant results obtained during the implementation and validation 
of the model in the Latin American institutions involved in the W-STEM project. 

In addition to the resources and materials developed to support the implementation 
of the W-STEM model, there are four primary results associated with the process 
that can be used in other contexts: 


International Leadership Summer Camp. 
Women in STEM mobile app. 
Attraction campaigns. 

W-STEM Mentoring Network. 


1.4.1 International Leadership Summer Camp 


First, the International Leadership Summer Camp (also named International Lead- 
ership Summit) was organised face-to-face in Cartagena de Indias and Barranquilla 
(Colombia). It was an event on the global and regional outlook on gender equality 
at STEM education and women in science participation. The aim was to make the 
problem visible to the policymakers from the higher education institutions involved 
in W-STEM to integrate them in the definition of the GEAP as a strategy to ensure 
the sustainability of the plan. Each participant university involved at least one institu- 
tional leader (rectors, vice-rectors, deans of STEM programs, institutional decision- 
makers). Also, five experts from UNESCO, NRC (UK) and Liquid Galaxy Lab at 
FACENS (Brazil) participated in the event. 

The Leadership Summit included sessions for building bridges between 
national/regional policies and the institutional level. Leaders, experts and the W- 
STEM team participated in a World Café, a set of roundtables focused on building 
bridges between public policy and institutional initiatives concerning the mechanisms 
and strategies about attraction, access and guidance of women in STEM programs 
(García-Pefialvo et al., 2019). 
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The second part of the Leadership Summit was focused on the first benchmarking 
round and a workshop to start the definition of the Gender Equality Action Plans. 


1.4.2 Women in STEM Mobile App 


The purpose of the W-STEM app is to give visibility to women in STEM careers, 
not only women of a very high level in STEM, but also young women with different 
profiles—last year students, PhD students, young researchers, developers, etc. The 
app is a tool for schools and high schools in Latin America to show young women in 
STEM since the books and materials used in the classroom only show examples of 
men. It is intended to give young people ideas about what it means or why to select 
a STEM program (García-Holgado et al., 2020e). The app is available for iOS and 
Android, both for smartphones and tablets (https://wstemproject.eu/app/). 

The app has two types of content. On the one hand, short bios provide some 
useful information to potential STEM students and share with them similar concerns 
that other people have had (Marín-Raventós et al., 2020). We used a survey based 
on (Ballatore et al., 2019) to identify prospective students, successful graduates and 
current students, with key aptitudes correlated to STEM disciplines/professions. A 
total of 6358 profiles were collected, 2071 have finished their university studies, and 
4287 are students (45.33% male, 54.03% female, 0.34% preferred not to answer, and 
0.396 non-binary). 

On the other hand, the app facilitates access to 335 interviews of women in STEM 
from different countries, cultural backgrounds, ages, and career stages (not only 
senior positions). The goal was to show diversity in STEM and avoid stereotyping. 
The interviews duration is between 3 and 7 min, and the original language is Spanish 
or English with subtitles. Figure 1.4 shows a sample of the videos available on 
YouTube (W-STEM Consortium, 2020). 


1.4.3 Attraction Campaigns 


The original plan was to conduct the attraction campaigns inside the secondary 
schools to engage the young women students and support them to enrol in a STEM 
program. However, the COVID-19 crisis impacted on education (García-Pefialvo, 
2021; García-Pefíalvo et al., 2020, 2021; Knopik & Oszwa, 2021) and forced the 
transformation of the attraction campaigns into virtual campaigns. 

The involvement of the schools during the lockdown period in 2020 hindered 
the organisation of some activities. For this reason, the attraction campaigns also 
involved awareness-raising campaigns. Moreover, all the events were online, so a 
common schedule was prepared to avoid overlapping. Although there were many 
activities, the attraction campaigns guidelines included the following type of events: 
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Fig. 14 Women in STEM interviews available on the W-STEM YouTube channel 


Awareness webinars: the objective is to raise awareness among schoolgirls about 
the gender gap in STEM fields. 

Informative webinars: the objective is to provide relevant information about the 
different STEM areas, their fields of action, their importance for society, etc. 
Webinars aimed at training in STEM knowledge: applications of the STEM areas 
that are compelling and that can be taught to girls while addressing real problems. 
For example, data analysis, programming principles. 

Activities with professional women from different countries: such as Q&A 
sessions (live questions from participants) or panels/talks about the differences 
between careers and their fields of application. 

Talks with guests on the experience of studying and/or practicing STEM, as well 
as the role that women have had in the history of that field. 

Coffee with a STEM woman: more informal conversations with a guest. 

Virtual Poster Fair: exhibitions of women who have contributed to STEM areas 
with Q&A. 

Film forum: girls are encouraged to watch a film that addresses the gender gap in 
STEM or highlights a STEM woman’s story and then virtual discussion space is 
opened. 

Vocational orientation: smaller spaces where a specific career is addressed. In 
these activities, the idea is to explain the most relevant aspects of each STEM 
career but separately and in smaller groups so that the doubts and questions of 
most of the attendees can be answered. 
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1.4.4 W-STEM Mentoring Network 


We have created a network of mentoring programs with pilot experiences the eleven 
HEI from Ibero-America (Chile, Colombia, Costa Rica, Ecuador, Mexico, and 
Spain). 

The Mentoring Network aims to empower women and encourage their active 
participation in STEM programs. The mentoring model implemented uses a three- 
way relationship. It involves a mentor teacher, the peer-mentor and the mentee 
(González Rogado et al., 2021). The guidelines for implementing the mentoring 
programs are common for all the network, but each institution has adapted them to 
its own contexts and needs according to its GEAP. 

First, mentor teachers and peer-mentors receive cross-cutting training in lead- 
ership, women's empowerment, inclusive language and creating inclusive environ- 
ments. Depending on the institution, mentor teachers and peer-mentors are men and 
women or only women. Regarding the mentees, they are first-year STEM female 
students. The goal is to support and empower them during their first year of studies. 


1.5 Conclusions 


The gender gap in STEM is a reality that affects to a different extent by countries. 
Although there are countries with less gender gap in STEM, such as Oman, Myanmar, 
Morocco, Mauritania, Gambia or Benin, most countries have a remaining gap to close 
stands at 60–70% (World Economic Forum, 2021). 

Higher Education Institutions have a major role in reducing the gender gap in 
STEM because they impact before, during and after tertiary studies. For this reason, 
HEI must implement gender equality action plans based on their gender equality 
situation. This chapter presents the W-STEM model, a proposal based on three years 
working on strategies and mechanisms to improve the attraction, access, guidance, 
and retention processes to engage more women into STEM programs. 

The W-STEM model has been fully tested in eleven institutions in Chile, 
Colombia, Costa Rica, Ecuador and Mexico, involving public and private institutions 
with different gender equality situations. Each institution has adapted the model and 
the resources to develop the different context. 

However, several caveats need to be noted regarding the W-STEM model. 
Although work has been done on the three processes of attraction, access, guidance 
and retention, the actions associated with access are lower than others. The main 
problem is that national education laws and policies regulate the access processes, 
so the institution could influence the support provided to the students during those 
processes but not in the process itself. 

On the other hand, concerning the situation analysis, some important limitations 
need to be considered. First, the self-assessment and mapping process require the 
collaboration of different services and units, so there is a high risk of not achieving 


16 A. García-Holgado and Е. J. Garcia-Pefialvo 


all information. HEI does not have a unique service that centralises statistical 
information. 

Finally, there is a definite need to transfer the W-STEM model to other HEI, with a 
particular focus in Latin America. For this reason, the W-STEM project is developing 
a set of online training modules on policies, mechanisms and processes, as well as 
on the implementation of the W-STEM model to enhance the attraction, access and 
guidance of women in STEM. 
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Chapter 2 A) 
A Review of Irish National Strategy get 
for Gender Equality in Higher Education 
2010-2021 


Julie Dunne, Ayesha O’Reilly, Ashley O’Donoghue, and Mary Ктаћап 


Abstract This chapter provides a narrative of the key policies, initiatives and actions 
that have transformed both the landscape of gender equality in Higher Education 
in Ireland, and the role of gender equality in research policy and public engage- 
ment in STEM over the last decade. It aims to provide leaders committed to gender 
equality with examples of good practice within the EU-Irish context. The first part 
of the chapter focuses on the EU gender equality strategies for Higher Education. 
It explains the review of gender equality undertaken by the Irish Higher Educa- 
tion Authority (HEA), the significant findings, and the National Gender Action Plan 
designed to address the issues identified. It contains examples of high-level initia- 
tives implemented to deliver on key actions. These include centres of excellence 
for Gender Equality, and affirmative actions taken to address imbalance at senior 
levels in the Irish Higher Education system. It also provides an account of Irish 
participation in the UK Advance Higher Education (Advance HE) gender supports 
including the women’s leadership programme “Aurora”, and the ‘Athena SWAN” 
charter that provides an accreditation framework for auditing, supporting and trans- 
forming gender equality in Higher Education Institutions. For context, some exam- 
ples of implementing these in an Irish Institution are provided. The chapter then 
reviews the gender equality strategies and policies of the main research funding 
organisations in Ireland, namely Science Foundation Ireland (SFI), and the Irish 
Research Council (IRC). It indicates how gender equality manifests in achieving 
gender balance in the Irish research community; and in funding applications and 
consequently in research design to embed the gender element. It also provides an 
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overview of recent national studies carried out to analyse the Irish public’s percep- 
tions and awareness of STEM in society, and factors leading to career and study 
choices by young Irish people. It signposts to the recent actions to address gender 
equality provided under SFI’s remit for public engagement in STEM. 


Keywords Gender equality policy - Ireland - European union (EU) + Higher 
education * Research funding · Advance HE 


21 Introduction 


Despite equality legislation and equality policies, gender inequality persists in Ireland 
and globally in many sectors of society. A World Economic Forum report on gender 
gaps in health, education, work and politics states it will take 99.5 years to close these 
gaps (World Economic Forum, 2019). In relation to the gender income gap, they 
found that women are heavily under-represented in technology (12%), engineering 
(15%), data and AI (26%). These are sectors which have experienced substantial 
wage increases in the last decade. The European Commission's She Figs. 2021 
shows women are under-represented in technical professions with women repre- 
senting 24.9% of self-employed professionals in Science and Engineering (S&E) 
and Information & Communication Technologies (ICT). In addition, women are 
under-represented in the highest academic levels (26.296) and at the highest decision- 
making levels (26.296) in academic institutions. This reflects the global issue of 
gender inequality in Higher Education research and innovation (Commission, 2021). 
Gender equality is an important ethical, legal and performance issue for Higher 
Education. Ethically, the United Nations Sustainable Development Goal 5 calls for 
Gender Equality and the right for women and girls to have equal participation in all 
aspects of society. Legally, many countries have equality legislation that prevents 
gender discrimination. In Ireland for example, the Employment Equality Act 1998 
specifically legislates for the prevention of gender discrimination in the fair and 
equal access to employment and promotion opportunities (Employment Equality 
Act, 1998). In terms of overall performance, research shows that diversity is a key 
strength. Gender balance on executive boards is positively correlated with increased 
performance of organisations (Gratton et al., 2007; Carter & Wagner, 2011; Reinert 
et al., 2016) and research publications from ethnically diverse research teams are 
more highly cited than those published by ethnically homogenous teams (Hunt et al., 
2015). Diversity brings different perspectives that increases creativity and innovation 
(Gassmann, 2001; Dai et al., 2019). 
European Union Gender Equality Strategy. 


Gender equality is a core principle of the European Union, but it is not yet a reality. In 
business, politics and society as a whole, we can only reach our full potential if we use all 
of our talent and diversity. Using only half of the population, half of the ideas or half of the 
energy is not good enough. 


President of the European Commission, Ursula von der Leyen. 
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The European Commission states that ‘the under-representation of women 
threatens the goals of science in achieving excellence, as well as being wasteful and 
unjust’ (European Commission, 2000). Building on the strengths and lessons learned 
from the Strategic Engagement for Gender Equality 2016-2019 (Publications Office 
of the European Union, 2020a ) and to address the persistent under-representation of 
women and girls in the labour market, the European Commission (2020b) developed 
the Gender Equality Strategy 2020-2025. 

The European Commission Gender Equality Strategy 2020-2025 has identified 
the following concrete actions to address the equal participation of women and girls 
in the economy and society: 


— Improve the balance between women and men in decision-making positions, 
including on company boards and in politics. Adopt EU-wide targets on gender 
balance on corporate boards. Encourage the participation of women as voters and 
candidates in the 2024 European Parliament elections. As one of the first deliv- 
erables of the Strategy, the Commission will propose binding pay transparency 
measures. Encourage a more balanced participation of women and men in all 
work sectors for more diversity in the workplace. 

— Promote the EU Platform of Diversity Charters in all sectors. 

— Address the digital gender gap in the updated Digital Education Action Plan. 

— Gender mainstreaming. Include a gender perspective in all policy areas, at all 
levels and at all stages of policymaking. For example: Specific needs, challenges 
and opportunities in different sectors, such as transport, energy and agriculture, 
will be addressed within the Commission's gender mainstreaming actions. 

— The Commission will address the gender dimension in its major initiatives 
responding to European challenges such as climate change and digitalisation. 

— Intersectionality. All women are different and may face discrimination based on 
several personal characteristics. For instance, a migrant woman with a disability 
may face discrimination on three grounds. The intersectionality of gender with 
other grounds of discrimination will be addressed across EU policies. 

— Dedicated funding for a gender-equal future. EU budget (2021—2027) will make 
funding available through a number of EU programmes for gender equality-related 
projects. For example, dedicated grants under the Citizens, Equality, Rights and 
Values Programme to the big structural, social and cohesive EU funds. 


As part of the W-STEM project (Garcia-Holgado et al., 2019; García-Peñalvo 
et al., 2019) TU Dublin staff from both professional services and academia have 
provided an overview of the gender equality policies and actions that have influ- 
enced the Irish context over the last decade. In the following sections, (1) the 
initiatives to support achieving gender equality in Irish Higher Education Insti- 
tutions are discussed. These include undertakings by the Irish Higher Education 
Authority (HEA), specifically (1.1) a review of gender equality in Irish HEAs and 
(1.2) formation of a gender task force. The overview also includes (2) the UK-based 
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Advance HE and the support it provides to Ireland and elsewhere including (2.1) 
Athena SWAN and (2.2) Aurora Women’s Leadership programme. Thereafter, (3) a 
discussion follows on gender equality within Irish Research Funding organisations 
including (3.1) the Irish Research Council and (3.2) Science Foundation Ireland. The 
chapter closes with some concluding remarks which may be useful to those interested 
in understanding the systematic approach taken by Ireland and the EU to advance 
gender equality in Higher Education. 


2.2 Gender Equality in Irish Higher Education Institutions 


To address the under-representation of women in senior levels across Irish Higher 
Education Institutions, several initiatives were implemented and are discussed in the 
following section. 


2.2.1 The Higher Education Authority: National Review 
of Gender Equality in Irish Higher Education 
Institutions 


The Higher Education Authority (HEA) conducted a National Review of Gender 
Equality in Irish Higher Education Institutions (Higher Education Authority, 2016). 
This expert review aimed to address the numerous factors within Higher Education 
Institutions (HEIs), conscious and unconscious, cultural and structural, that result in 
women facing barriers to progression which are not experienced to the same degree 
by their male colleagues. The review conducted an in-depth analysis of the gender 
balance of academic and non-academic (professional service and support staff) staff 
across all grades of employment as well as institutions’ management teams, academic 
councils and governing boards. 


Review Process 


The review process began with the development of the Terms of Reference and 
appointment of the Expert Group. The approach taken in conducting the review 
involved the following stages: 


— Policy context research. 

— Literature review of the international and national challenges and emerging 
solutions. 

— Data collection to establish figures on the gender breakdown of HEI staff—iden- 
tifying gaps in the data gathered and analysis of the data available. 


2 


Table 21 HEA survey of 
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Priority Areas 


staff in the Irish Higher 

Education Sector (n = 4,835): 67% Promotion/progression criteria 

priority areas identified to 61% Gender balance on senior management teams at 
address barriers to women’s institutional level 

progression 


60% Overall culture 


52% Career development opportunities 


51% Transparent procedures/processes 


51% Senior management’s leadership on gender equality 


50% Representation of men and women on key committees 


50% Childcare/carers' provision and supports 


Collection of HEI institutional equality policies, and where applicable, HEI 
Athena SWAN applications or institutional statements on their gender equality 
initiatives. 

Wide consultation with stakeholders involving face-to-face meetings with the 
Expert Group, written submissions from interest groups, and a public online 
survey. See Table 2.1 for priority areas identified. 

Development of recommendations. 

Feedback from survey respondents (Table 2.1) and wider consultations informed 
the HEA recommendations to address gender inequality in Higher Education. 


HEA recommendations were identified for four key stakeholder groups to drive 


positive change for gender equality: 


| 


| 


| 


| 


Higher education institutions. 

The Higher Education Authority. 
Research funding and related agencies. 
Wider Higher Education stakeholders. 


A total of 22 recommendations were specifically identified for Higher Education 


Institutions and, for context, the TU Dublin response to implementing these recom- 
mendations is outlined in Table A.1 in the Appendix to this chapter. Key initiatives 
implemented by TU Dublin include: 


Structural Changes. All university committees with responsibility for operating 
and resourcing decisions must be gender balanced. 

Cultural Changes. To create an understanding of how unconscious bias can lead to 
stereotyping, prejudice and discrimination, unconscious bias training is provided 
for all staff and included in leadership development, performance management 
and interview skills training. 

Policy Changes. All recruitment and selection panels must be gender balanced 
and all panel members must complete unconscious bias training. 
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— Career Development. To support career development and progression, the univer- 
sity sponsors 20 women annually to attend the Advance HE Aurora Leadership 
Development Programme for Women to understand the barriers facing women in 
Higher Education. TU Dublin also assigns a mentor to all leadership development 
programme participants. 


2.2.2 The Department of Education & Skills Gender Task 
Force—Accelerating Gender Equality in Irish Higher 
Education Institutions—Gender Action Plan 
2018—2020 


Following publication of the HEA National Review of Gender Equality (Higher 
Education Authority, 2016), the Department of Education and Skills (DES, 2018) 
identified the review as an important first step in highlighting gender inequality in 
our HEIs. However, in monitoring the implementation of the HEA 2016 recom- 
mendations (Higher Education Authority, 2016), concerns were raised that progress 
remained exceptionally slow. 


Data trends in the universities over the period 2013-2017, show that there has been a consis- 
tently low rate of change year on year, only 1-2% each year at professor level, from a starting 
position of 18% female professors in 2013 to just 24% in 2017. The HEA Higher Education 
Institutional Staff by Gender report (2018) highlights that in 2017 only 24% of professor 
posts were filled by women as compared to 5146 female lecturers, the entry level for academic 
posts in the university sector. While the number of female professors is just one metric, it is 
a key metric used internationally to compare countries, and it clearly highlights the extent 
of the problem in academia. 


Minister for Higher Education Mary Mitchell O'Connor, Gender Action Plan 2018-2020, 
p.2 (Higher Education Authority, 2016). 


Drawing on the work of the HEA Expert Group, a *Gender Task Force' was estab- 
lished to help embed the recommendations. Specifically addressing HEA recommen- 
dation 1.21— To ensure a roadmap for attainment of gender equality is developed, 
each institution will implement a gender action plan, the Gender Task Force outlined 
a Gender Action Plan 2018-2020 that identified goals, actions and targets to be 
integrated into the institution's strategic plan. 


Review Process 


The Gender Equality Taskforce formally began their work in November 2017 
following the development of their Terms of Reference. The approach taken by 
the Gender Equality Taskforce involved the following stages: 


— Review of recruitment and promotion policies and practices in HEIs conducted 
by an external third party, Advance HE (please see below for further information). 


A Review of Irish National Strategy for Gender Equality ... 27 


Consultation with stakeholders involving face-to-face meetings with the Gender 
Equality Taskforce, a stakeholder consultation event and analysis of the outcomes 
of the consultation process. 

Data analysis of academic staff recruitment and promotion by gender and identifi- 
cation of gaps in data collection, particularly in regards professional, management 
and support staff data. 

Progress reports from HEIs on the HEA Expert Group Report recommendations 
and analysis of progress made at sectoral level. 

Literature review of national and international practice including challenges and 
emerging solutions since 2016. 


Development of the three-year Gender Action Plan 2018-2020 


The Gender Action Plan 2018-2020 (DES, 2018) identified specific actions and 
targets to accelerate progress in achieving gender equality in Irish HEIs: 


1. 


Driving sustainable change in the form of a Centre of Excellence for Gender 
Equality: 


— Providing centralised support for HEIs. 

— Disseminate and share good practice and funding for innovative organisa- 
tional and cultural change initiatives nationally through the HEA Gender 
Equality Enhancement Fund. 


Institutional Gender Action Plans: 


— All HEIs shall submit their institutional gender action plan to the HEA and 
provide annual progress updates. 

— To accelerate gender balance, all HEIs shall set ambitious short-, medium- 
and long-term targets (1, 3 and 5 years) for the proportion of people of each 
gender which it aims to have at senior levels of academic and professional, 
management and support staff across the institution. 

— Each HEI will be held accountable for achieving their targets and perfor- 
mance will be incentivised through additional funding or funding conse- 
quences as appropriate, to ensure progress is constant and considerable. 


Incentivised progress through funding mechanisms: 


— Government funding for Higher Education shall be linked to an institution’s 
performance in addressing gender inequality. 

— To drive performance there shall be rewards for progress through funding 
incentives and consequences for lack of engagement or effort. 


Recognising and embedding Gender Equality through the Athena SWAN 
Audit & Award: 


— HEIs shall apply for an Athena SWAN Institutional Bronze award by 2019. 
— Research Funding Institutions will require HEIs to have achieved an Athena 
SWAN Bronze award to be eligible to access funding. 
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5. Gender-proofing recruitment and promotion procedures and practices: 


— All HEIs shall ensure that there are concrete actions in their institutional 
gender action plans, elaborated where appropriate at discipline and business 
unit level, to bring their existing policies in line with good recruitment and 
selection practice. 


6. Positive Action Interventions: 


— All HEIs shall strive for gender balance in the final pool of candidates for all 
competitions. 

— Each HEI is required to implement the flexible cascade model as a minimum 
(not a maximum) for both promotion and recruitment of academic staff and 
senior grades of professional, management and support staff. 

— Each HEI is required to set ambitious short-, medium- and long-term targets 
(1, 3 and 5 years), over and above the flexible cascade model for both promo- 
tion and recruitment of academic staff and senior grades of professional, 
management and support staff. 

— To enable HEIs to better monitor their progress and monitor patterns, data 
disaggregated by gender, contract type and broad discipline area or business 
unit should be collected on the number of applications, recruitments and 
promotions for all academic grades. This data should be submitted to the 
HEA annually for analysis at the sectoral and national level. 

— New and additional gender-specific posts, at appropriate levels, as well as 
other positive action measures, should be considered where they would be a 
proportionate and effective means to achieve rapid and sustainable change. 

— All HEIs shall ensure that there are concrete actions in their institutional 
gender action plan to address stereotyping of ‘female’ and ‘male’ roles. 


The next section considers a specific example of positive action to address gender 
equality in senior leadership in the Irish Higher Education system, and was introduced 
by Minister Mary Mitchell O’Connor, who provided the foreword as part of the 
W-STEM project. 


2.2.8 Senior Academic Leadership Initiative (SALI) 


SALT is an innovative and transformational positive action initiative implemented in 
2019 across Higher Education alongside the Gender Action Task Force and champi- 
oned by the Minister for Higher Education. The Senior Academic Leadership Initia- 
tive aims to achieve equality of outcome in the Higher Education sector. New and 
additional senior academic leadership posts have been funded in areas where: there 
is clear evidence of significant gender under-representation; where this appointment 
will have significant impact within the faculty/department/functional unit and the 
HEI; where they would be a proportionate and effective means to achieve accelerated 
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and sustainable change within an institution. A total of 45 senior academic leadership 
initiative posts are being provided across sectors (e.g. university and institute of tech- 
nology) over three cycles of awards. These posts are new and additional to the sector, 
i.e., they are in addition to the existing Employment Control Framework (ECF), and 
they are funded through new and additional funding provided specifically to help 
address the significant gender imbalance among academic staff at senior levels. 


2.3 Advance Higher Education (HE) 


Advance Higher Education (HE) is a member-led education sector charity, based in 
Ireland and the United Kingdom, that provides support to Higher Education institu- 
tions across the world. The main purpose of this organisation is to improve Higher 
Education for staff, students and society by addressing systematic inequality in the 
HE sector (Advance, 2021a, b). Advance HE stresses the importance of enhancing 
teaching and learning, effective governance and leadership development as key to 
tackling inequality. Thus, through its equality, diversity and inclusion (EDI) work, 
Advance HE provides support for Higher Education institutions that include char- 
ters, professional development programmes and events, fellowships, awards, student 
surveys, providing strategic change and consultancy services and services through 
membership (Advance, 202 1a, b). 

One of the most important services provided by Advance HE is the development 
of its Equality Charters which are frameworks used across the globe to support and 
transform equality within Higher Education (HE) and research. Charters include 
the Athena Swan Charter that focuses on gender equality in HE, Race Equality 
Charter that focuses on representation, progression and success of minority ethnic 
staff and students, and the International Charter that focuses on establishing equality 
frameworks like Athena Swan internationally that are globally comparable but also 
locally contextualised (Advance, 2021c) These Charters allow organisations to apply 
foran award recognising their commitment to, and progress on, equality and diversity. 
In Ireland, awards such as Athena Swan have been noted as essential for the success 
of European and international funding as it shows commitment to the delivery of UN 
Sustainable Development Goals of quality education and gender equality (Advance, 
2021b). From these charters, Advance HE provides programmes and resources to 
assist organisations in achieving these awards by providing guidance on gender 
auditing an organisation, resources such as sample surveys, as well as templates 
and advice for leadership and development programmes. 

With its successful programmes and awards, membership of Advance HE has 
become global, with over 380 members across the world (Table 2.2), including 
members in South America and Ireland (Advance, 20215). 

In Ireland, every Higher Education Institute (Institutes of Technology, Technolog- 
ical Universities, Universities) are international members and have relied on Advance 
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Мавра Advance HE members 2020-21 Count of organisation 

Beneficiary member 73 

International global member 3 

International member (inc ROI) 80 

Research institute member - UK 28 

UK affiliate member 112 

UK member 155 

Grand total 451 


Source https://www.advance-he.ac.uk/advance-he-members-202 
0-21 


HE for resources and support in developing their own framework for development 
of an equality and inclusion strategy. Technology University Dublin (TU Dublin) 
are international members of Advance HE and are actively engaged in undertaking 
awards such as Athena SWAN, thus we are given access to their professional devel- 
opment resources, assistance in developing academic leadership programmes for all 
interested staff and can sponsor staff for the Aurora leadership program. By providing 
a gender equality charter for Ireland, Advance HE was invaluable to TU Dublin in 
guiding our own strategy for equality, diversity and inclusion. Advance HE provided 
the structure of the Athena SWAN awards and the methodology to conduct a gender 
audit. It also provided access to additional resources and to networks through the 
Aurora Leadership Programme for Women in Higher Education and the development 
of our own leadership programme. 


2.3.1 Athena SWAN and Athena SWAN Ireland 


The Athena SWAN Charter provides an accreditation framework for auditing, 
supporting and transforming gender equality in Higher Education Institutions. Estab- 
lished in 2005, the focus of the original Athena SWAN Charter was to encourage and 
acknowledge commitment by HE institutions to the advancement of women's careers 
in STEMM. Overtime, the charter has evolved to go beyond STEMM areas, to include 
all areas of women's careers in HE such as academic and professional services roles 
and by focusing on representation, progression of students into academia, career 
journey and working environment (Advance, 20214). At its core the Athena SWAN 
Charter has a series of goals: 


— Helps institutions achieve their gender equality objectives. 

— Assists institutions to meet equality legislation requirements, as well as the 
requirements and expectations of some funders and research councils. 

— Uses a targeted self-assessment framework to support applicants identify areas 
for positive action as well as recognise and share good practice. 
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— Supports the promotion of inclusive working practices that can increase the reten- 
tion of valued academics and professional and support staff, demonstrating an 
institution’s commitment to an equitable working environment. 


In order to provide a clear pathway and recognition of success, the Athena SWAN 
awards were created. By using the Athena SWAN award process, HE institutions 
use a targeted self-assessment framework to identify gender equality goals, areas of 
needed action and good practice, and provide actions to align with equality legislation 
as well as funding and research council requirements and promote inclusive work 
practices (Advance, 2021е) Different application routes apply for different levels 
of award (Bronze, Silver and Gold), depending on scale and size (e.g., Institution, 
department, small or specialised institute) and if located within/outside the United 
Kingdom. 

The Bronze award is mainly about raising awareness and acknowledging the need 
for change in an organisation. The award affirms that a university or HEI is aware of 
gender inequality issues, has identified challenges, and has an action plan for these 
issues. A series of webinars about Athena SWAN are provided on the Advance HE 
website (https://www.advance-he.ac.uk/equality-charters/athena-swan-charter) that 
outlines what Athena SWAN is, how to get started, dealing with data, and undertaking 
gender analysis and a downloadable information pack is available on their website. 
Advance HE also provides information sessions and a detailed FAQs section that 
provides guidance to institutions on how to achieve an Athena SWAN Award. In June 
2021, the Athena SWAN UK Charter has undergone further transformation to provide 
a new framework for new and existing members. This new charter supports greater 
inclusion for people in all roles, of all genders and intersectional identities (Advance, 
2021е), provides greater clarification and expectations for each award level, more 
streamlined application, increased clarity and professionalisation of panel roles, and 
increased guidance and support for applicants. 

In Ireland, the Higher Education Authority (HEA), mandated that all higher- 
level institutes in Ireland (Higher Education Authority, 2019) must apply for Athena 
SWAN Bronze award by end of 2019, reapply within 18 months of a failed Bronze 
award application, and attain Bronze award within 4 years of the first failed appli- 
cation. In order to achieve a Bronze award, a HEI must undertake an institutional 
gender self-assessment and propose a 3-year action plan based on the findings of this 
self-assessment. For example, for TU Dublin to be successful, it would be strongly 
dependent on the strength of the self-assessment which involved the support of the 
organisation, access to data and staff, quality of data gathered and clear interpreta- 
tion of data that subsequently helped guide the future action plan. Strong support 
from senior levels of the organisation and beyond are essential. As noted, HEA 
(Higher Education Authority, 2019) issued a mandate that all institutes had to apply 
for Athena SWAN award, thus it was seen as an essential programme to under- 
take. Strong institutional support and senior management buy-in are essential for 
success as it signals to staff that gender equality is a strategic priority. Lack of said 
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support and buy-in can create significant difficulties and result in failure, thus TU 
Dublin approached different colleges/departments/faculty within the university to set 
up ‘Athena SWAN Champions’, senior-level individuals who would represent each 
department and discuss and advocate for Athena SWAN to the most senior levels of 
the organisation. 

Unsuccessful Bronze award applications do not just result from lack of support but 
also from lack of qualitative data, lack of analysis and interpretation of data collected, 
not answering all questions or missing information, not using staff consultation to 
inform analysis and actions, and action plans not being SMART or data informed. 
Thus, it is important to create a self-assessment team (SAT) that can fulfil the criteria 
needed for the Bronze award. Members should include a mixture of individuals 
with different skillsets that can help at all stages of the process. Individuals should 
be interested in equality and change, with a proper representation of staff included 
(e.g., gender, ethnicity, mobility, age, etc.). 

TU Dublin recruited SAT members by asking for expressions of interest which 
helped gather a diverse team of skilled individuals from all levels and areas in the 
institute. Itis important to have a mixture of academic and professional, management, 
and support staff to help understand the formal and informal organisational structure 
and culture of the institute. In TU Dublin, a formal structure for SAT was created, 
with working groups for each area of the application. Working groups included: 


— Working Group 1 Institutional Data Analysis: focused on gathering data from the 
organisation for example, number and percentage of men vs. women in lecturing 
roles for past 5 years; number/ percentage men vs women who are junior members 
of staff or recently promoted. 

— Working Group 2 Staff Consultation: focused on gathering quantitative and 
qualitative data from staff via a survey and focus groups. 

— Working Group 3 Implementing Actions: considered data findings from Group 1 
and 2 for possible actions for application 

— Working Group 4 Communications and Outreach: promoting and raising aware- 
ness of the application, setting up a detailed website, repeatedly emailing staff 
and line managers to request staff to complete the survey or part take in focus 
groups, etc. Organising with Advance HE for seminars and workshops. 


Members of each working group reported to a Group Chair, who then communi- 
cated to the overall project manager of the application. Efficient two-way communi- 
cation is essential within working groups and in the overall team to identify issues and 
actions. Each working group had regular meetings, but also regular larger meetings 
were held with all working groups so progress could be reported, and future steps 
discussed in a transparent manner with all SAT members. Thus, effective project 
management for the self-assessment and action plan is essential, with clear guidance 
to each working group on their purpose, goals and how their contribution feeds into 
the application as each working group has an important part in the process. 

For Working Group 1, it is important to have staff who can access institutional 
data such as staff from Human Resources, ICT, and/or senior management such as 
Office of the President (or equivalent). Data gathered in this group provides objective 
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information about the current status of the organisation in terms of staff statistics and 
comparison of the national average. In the case of TU Dublin, it helped identify 
several issues which were then examined in the staff survey and focus groups that 
consequently provided SMART actions for the future action plan. 

For Working Group 2, it is important to include staff who are skilled in quantitative 
and qualitative analysis, preferably staff that also has expertise in gender research. 
Surveys should include validated/previously used Athena SWAN questions with 
Likert scales where possible. In TU Dublin, scales, such as Career Barriers Inven- 
tory (Higher Education Authority, 2019) were adapted for use. The TU Dublin Staff 
Survey and focus groups focused on attitudes towards a range of areas including 
gender inequality, career barriers (Swanson et al., 1996), promotion, training and 
performance reviews, work-life balance, stress at work, work environment, etc. 
Samples of surveys are available online which can be used as a template that can 
be tailored to your organisation. Contextually specific issues can also be included 
such as progression to Lecturer role, which was flagged as an issue by Working 
Group 1, which provided interesting findings and a specific action for the TU Dublin 
application. Data should be analysed using statistical programmes, like SPSS or 
R, by someone with statistical skill to examine and interpret whether statistically 
significant gender differences occurred in the data. Similarly for qualitative data, an 
individual who is skilled in facilitating focus groups and/or interviews and analysing 
data is important for complementary interpretation of the data. In TU Dublin, we 
had several individuals in Working Group 2 involved in survey design, collection 
and analysis, and involved in focus group design, facilitation and analysis of results. 
Data collection and dissemination of results to staff by Working Group 4 was funda- 
mental to the success of Working Group 2, with Working Group 4 maintaining close 
contact with Athena SWAN champions and management in order to encourage staff 
participation. 

Thus, the campaign by Working Group 4 and analysis by Working Group 2 using a 
mixed-method research approach provided a rich source of information for Working 
Group 3 to consider future actions. For Working Group 3, members with strategic 
focus are essential such as those in Human Resources, senior positions, etc., as well 
as those with expertise in gender and equality policies. For Working Group 4, a strong 
team with communication and marketing skills is essential. Members in TU Dublin 
were from Public Affairs unit and others including student academic affairs. As noted 
above, each working group is not a silo, and it is important that the dependency on 
each working group with each other is emphasised by the project manager. 

TU Dublin holds a legacy award which was granted under the TU Legacy Award 
Process after a constitute HEI (DIT) was successful in the application of the Bronze 
award using the Athena SWAN Ireland Charter as a framework for our own process. 
The legacy award was received in recognition of TU Dublin's commitment to 
advancing gender equality. The university has undertaken a significant programme 
of work to raise gender awareness across TU Dublin and to help create equal 
opportunities for career advancement. Some highlights include: 
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— Appointing a Director of Equality, Diversity, and Inclusion (EDI). 

— Establishing a gender-balanced senior leadership committee as the highest- 
decision-making committee in TU Dublin. 

— Providing unconscious bias training for all senior leadership and all staff. 

— Commissioning an external review of all HR policies and practices to ensure that 
diversity and inclusion are embedded in all stages of the recruitment, selection 
and retention process. 

— Enhancing our Leadership programme offerings; This has been updated to include 
an equality and diversity dimension; TU Dublin sponsors 20 women each year 
to participate in the Aurora Leadership Development Programme for Women in 
Higher Education. 


2.3.2 AURORA Leadership Programme and Other 
Leadership Initiatives 


A part of TU Dublin’s successful application was enhancing leadership programme 
offerings to include an equality and diversity dimension. The Aurora Leadership 
Programme for Women developed by Advance HE for women up to senior lecturer 
level or professional services equivalent in HE institutions aims to support women 
to understand and address the barriers to career progression identified in the HEA 
Review of Gender Equality in Higher Education (Higher Education Authority, 2016) 
and the Gender Task Force Action Plan (DES, 2018). Each year, TU Dublin sponsors 
20 women to attend the Aurora Leadership programme to complete the following 
learning modules: 


— Identity, Impact & Voice. 

— Politics & Influence. 

— Core Leadership Skills. 

— Adaptive Leadership Skills. 
— Action Learning Set. 


Participants have the opportunity to build their professional network across the 
Higher Education sector with over 100 women from the sector attending the annual 
Aurora programme. 

Each participant is also assigned a mentor for their continued personal and 
professional development after the formal programme is complete. The mentoring 
programme enables self-directed personal and professional learning, critical thinking 
and the transfer of valuable organisation knowledge. The HEA expert report on 
Gender (Higher Education Authority, 2016) and the Department of Education and 
Skills Gender Action Plan (DES, 2018) have identified mentoring as an important 
development initiative to address the under-representation of women in senior roles 
in Higher Education. 
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2.4 Gender Equality Strategies and Policies of Irish 
Research Funding Organisations 


In recent times the strategies of the main funding organisations in Ireland have been 
developed to ensure the gender element is considered in the design of all funded 
research. 

The two main funding agencies of research in Higher Education in Ireland are the 
Irish Research Council and Science Foundation Ireland. 


2.4.1 Gender Equality Policy and the Irish Research Council 


The Irish Research Council was formed in 2012, through the amalgamation of the 
Irish Research Council for Science, Engineering and Technology (IRCSET), estab- 
lished in 2000, and the Irish Research Council for the Humanities and Social Sciences 
(IRCHSS), established in 2002. It is an autonomous agency of the Irish Govern- 
ment's Department of Education and Skills, under the aegis of the Higher Education 
Authority (HEA). The IRC has a mandate to fund excellent research within, and 
between, all disciplines. Through a variety of funding schemes, including co-funding 
with enterprise partners, it supports the education and skills development of excel- 
lent individual early stage researchers and cultivates agile independent researchers 
and thinkers. It has a remit to enrich the pool of knowledge and expertise avail- 
able for addressing Ireland's current and future needs, whether societal, cultural or 
economic, and to deliver for citizens through collaboration and enabling knowledge 
exchange with Government departments and agencies, enterprise and civic society. It 
also provides policy advice on postgraduate education, and on more general research 
matters, to the HEA and other national and international bodies. It gives particular 
attention to the Arts, Humanities and Social Sciences. 

Meanwhile Science Foundation Ireland (SFI), established in 2000, is the Irish 
national foundation for funding STEM research and talent within Higher Educa- 
tion institutions and SFI Research Centres. It aims to improve Ireland's economic 
competitiveness, create employment, and enhance vital areas of society, including 
healthcare, environment, agriculture and education. Also of relevance is SFI’s remit 
to promote and support STEM education and engagement and create public aware- 
ness and understanding of the value of STEM to society and to the growth of the 
economy. 

Consequently, to ensure the gender element is considered within STEM research, 
Higher Education, and public engagement in Ireland, it is important that each organ- 
isation includes gender equality in its high-level strategic plans, and consequent 
action plans. 
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To progress this the IRC developed a Gender Strategy and Action Plan 2013— 
2020 (Irish Research Council, 2013). This strategy sought to address two main issues. 
Firstly, the under-representation of women in STEM leading to underutilising a 
significant population of highly talented researchers who could be vital assets in 
maximising collective research intelligence and optimising creativity and innovation 
potential. Secondly, the need to recognise the gender dimension in the definition of 
research projects including those which sex and/or gender may not be relevant in 
terms of the research content but may have poorer results and missed opportunities if 
there is a failure to integrate sex and gender analysis into the design, implementation, 
evaluation and dissemination of the research. Informed and supported by the EU 
policies on gender equality in research, and by ongoing initiatives between Irish 
organisations and Higher Education institutions and EU partners, the IRC’s strategy 
and action plan centred around two key objectives: 


— Supporting Gender Equality in Researcher Careers. 

— Objective: The Council will encourage and implement initiatives which promote 
equality between women and men at all stages of the researcher's career. 

— Integration of sex/gender analysis in research content. 

— Objective: The Council will ensure that researchers have fully considered whether 
their research contains a sex and/or gender dimension and, if so, that they have 
fully integrated it into the research content. 


Additionally, the IRC committed to a process of Internal Gender Proofing such 
that all efforts towards the two main objectives would be a shared, overall task for the 
organisation as a whole. This included internal training, review of funding policies 
and award assessment criteria and procedures, sex-disaggregated statistical data and 
analysis of funding trends. 

Details of the specific actions under each objective can be found in the strategy 
document (Irish Research Council, 2013), and a progress update from 2016 is avail- 
able (Irish Research Council, 2016). The IRC provided a short summary and update of 
its key actions in 2018, and this newly made reference to the Athena SWAN process, 
as well as a new collaborative fund with the EU, through the GENDER-NET PLUS 
programme, which specifically called for projects relating to the interactions and 
interdependencies between UN SDG 5 Gender Equality and other SDGs, specifically 
SDG 3 Good health and well-being; SDG 9 Industry, innovation and infrastructure; 
and SDG 13 Climate action (Irish Research Council, 2018). 

The IRC has continued its commitment to gender equality, with inclusion of a key 
objective to “Build on the IRC’s leading track record in promoting gender equality and 
the integration ofthe gender dimension in research, in step with evolving international 
best practice’ under a Strategic Goal to “Enable excellence in people, skills and ideas 
across all disciplines for discovery and enterprise research’ within its Strategic Plan 
2020-2024 (Irish Research Council, 20202). Further information can be found in the 
corresponding Implementation plan (Irish Research Council, 2020b). 
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2.42 Gender Equality Policy and Science Foundation Ireland 


Meanwhile, in 2016, following the publication and recommendations laid out in 
the HEA National Review of Gender Equality in Irish Higher Education Institu- 
tions (Higher Education Authority, 2016), Science Foundation Ireland outlined its 
Gender Strategy 2016-2020 (Science Foundation Ireland, 2016). The strategy was 
built around three strands: 


— Strand 1 focused on gender equality across Science Foundation Ireland education 
and public engagement initiatives, with the aim of increasing the participation 
and interest of girls in STEM-related activities. 

— Strand 2 targeted female representation within the Science Foundation Ireland 
funded portfolio and Science Foundation Ireland review panels. Concrete 
measures to achieve these targets were outlined. 

— Strand 3 aimed to ensure that gender perspectives are integrated into the research 
content of Science Foundation Ireland-funded research programmes. 


Strands 2 and 3 resonate with the key objectives of the Irish Research Council. 
Of particular interest to readers of this book, Strand 1 was developed based on the 
findings of an SFI commissioned 2014 study into the career choices of young people 
in Ireland (Futures, 2014). (Note, the publication appendix includes the survey ques- 
tionnaire used). The study examined the key influencing factors in course selection 
for a representative sample of first-year undergraduates and found that ‘fitting in’ 
and being able to identify themselves in a future role was the most important factor. 
Career opportunities and earning potential were also identified as important, but 
secondary. Information about a particular course or career would not even be sought 
by young people if they have no affinity with the associated stereotypes, which rein- 
forced the importance of breaking perceived stereotypes. Consequently, Strand 1 
sought to increase the participation and interest of girls in STEM-related activities, 
and thereby their confidence in the relevance of studying STEM subjects. Actions 
under this strand included developing partnerships with groups that support girls 
to explore STEM skills informally; ensuring gender parity is addressed in the role 
models profiled; and delivering training to avoid unconscious attitudes or statements 
that may impact on girls’ aspirations. Additionally, ће ‘SFI Discover’ programme for 
public engagement in STEM would fund projects that aimed to increase the number 
of women pursuing STEM subjects and SFI would provide training in unconscious 
bias to SFI Discover supported education and public engagement projects. SFI also 
committed to ensuring its public engagement materials, activities and online content 
represented gender parity and challenged unconscious bias. The full list of actions 
relating to all three Strands are available (Irish Research Council, 2020b). These 
actions also resonate with the findings of another SFI study commissioned in 2015, 
‘Science in Ireland Barometer An analysis of the Irish public’s perceptions and 
awareness of STEM in society’ (Futures, 2014). (Note, the publication appendix 
includes the research methodology used). This further explored Irish awareness and 
trust in STEM, interest in STEM careers, as well as understanding the disengaged 
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and disenfranchised members of the population. This study also found that the latter 
were more likely to be female. 

The most recent SFI Strategy to 2025 (Science Foundation Ireland, 2015) focuses 
on three key areas, namely Excellent Research; Top Talent; Tangible Benefits. Within 
the ‘Top Talent’ area, there is an ongoing commitment to gender equality, captured 
within the expanded Equality, Diversity and Inclusion umbrella. Gender remains as a 
Key Performance Indicator, with targets of 35-40% females in STEM leadership and 
decision making, in keeping with Irish Government targets for gender representation 
for state organisations and agencies, including the Irish Research Council and the 
Higher Education Authority (Science Foundation Ireland, 2021). 


2.5 Conclusion 


Although, like elsewhere, gender equality is still a feature of the Irish Higher Educa- 
tion System, there have been numerous and significant policies and strategies aiming 
to balance gender participation in all levels and areas of the system over the last 
decade. In a top-down approach, commencing with EU policy, there has been a 
steady and perceptible increase in focus on gender equality in Ireland. Considerable 
leadership from the Irish Higher Education Authority has ensured that senior leaders 
in all Higher Education Institutions must consider gender equality as part of insti- 
tutional strategic planning. The framework provided by Athena SWAN has allowed 
all Institutions to carry out a systematic gender audit, and to develop an action plan 
to address identified gender equality issues. The linking of research funding to the 
requirement for Athena SWAN awards has been particularly impactful. 

There may often be a bottom-up approach to gender equality, with interested 
individuals carrying out impactful initiatives, including those involved in the W- 
STEM project. However, without a policy framework to address gender equality, 
and without meaningful engagement of senior leaders with these policies, it will not 
be possible to address systematic gender inequality within Higher Education in a 
sustainable manner—in Europe, Ireland, Latin America, or elsewhere. 
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and Taina Pihlajaniemi 


Abstract In 2016, the United Nations (UN) Member States adopted a decision on 
the role of the UN Educational, Scientific and Cultural Organization (UNESCO) in 
encouraging girls and women to be leaders in science, technology, engineering, and 
mathematics (STEM) and in science, technology, engineering, arts, and mathematics 
(STEAM). This decision poses a special challenge for many sectors in society and 
posits unique opportunities for women's leadership in higher education institutions 
(НЕД). This chapter opens by presenting views on overcoming gender segregation 
in STEM. The roles of women in leadership positions in the higher education STEM 
research areas of a large multidisciplinary university in a Nordic country are explored. 
The unique paths in which four of these women have progressed in their profession, 
position, and promotion of equality through their diverse and multiple roles within 
their HEI are examined. From this collection, intertwined opportunities in assuming 
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leadership in the promotion of gender desegregation in STEM are identified on a 
micropolitical levels. The chapter concludes by elaborating institutional strategies 
and synergies for overcoming gender segregation in higher education STEM fields 
from the perspective of leadership. This chapter ends with an annexed declaration 
useful for local policy development and practical action. 


Keywords Gender · Gender equality + Gender segregation * Leadership - STEM 


31 Introduction 


Gender equality has long been acknowledged as a key driver of social and envi- 
ronmental development, as well as of health and well-being. Gendered innovations 
(Schiebinger et al., 2020) and а gender-responsible approach to scientific knowl- 
edge production (Heikkinen et al., 2020), especially in STEM, contribute to scien- 
tific excellence and quality outcomes, enhance sustainability, make research more 
responsive to social needs, and promote the development of new ideas, patents, 
and technology (Schiebinger et al., 2020). Particularly, gender-responsible scientific 
approaches have become imperative in scientific knowledge production and sex and 
gender analysis as well as gender equality plan are required for research funding 
such as by the EC's Horizon Europe (European Commission, 2021). 

The EC actively promotes gender equality in research and innovation (R&I) within 
the European Research Area (ERA). Its overall goal is to co-create R&I environ- 
ments as gender-equal and diverse, where all talents can thrive (European Commis- 
sion, 2021). Furthermore, researchers are requested to integrate the sex and gender 
dimensions in their research projects to improve the quality and ensure the social 
relevance of their produced knowledge, technologies, and innovations (European 
Commission, 2021). Thus, gender equality is presented as an essential condition for 
an innovative, competitive, and thriving European economy. Gender equality is said 
to create more jobs and raise productivity, which are needed for green and digital 
transitions and to address demographic challenges (European Commission, 2021), 
as well as to achieve the Sustainable Development Goals (SDGs). 

Gendered career progression patterns and gender segregation in the R&I sector 
present challenges that highlight the need to consider the influence of organisational 
structural factors on gender equality. In European Research Area women occupy only 
24% of leading research group positions (grade A); are prevalently under-represented 
in STEM fields, among others, at varying degrees among the study fields; and account 
for less than 10% of patent holders (Directorate-General for Research and Innovation 
(European Commission, 2019). Vertical gender segregation in STEM as illustrated 
in Fig. 3.1: Vertical gender segregation in STEM, EU-28, 2013-2016, presents the 
proportion (%) of men and women in a typical academic career in STEM, EU-28 
countries in years 2013 and 2016 (EURAXESS, 2019).! 


! Adopted from: https://euraxess.ec.europa.eu/worldwide/japan/status-update-gender-equality-res 
earch-careers-europe-she-figures-2018 (accessed 25.11.2021). 
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Fig.3.1 Vertical gender segregation in STEM, EU-28, 2013-2016 


The gender perspective has been discussed and scrutinised in science in various 
ways that range from feminist critiques of the dominant and invisible male standard 
in science (Haraway, 1988) to a call for increased participation and more diverse 
roles for women and girls in STEM (UNESCO, 20172). Gender considerations have 
been found to be significant for improving the reliability of scientific knowledge 
production and improving individual research projects. According to Nilsen et al., 
(2018), science and research should be generally managed in a gender-responsible 
way to strengthen high-quality research and societal empowerment. They argued 
that gender has an impact on three elements of research: (1) the composition of the 
research groups; (2) the research questions in research projects; and (3) the research 
methods used. Thus, they suggested an approach that can be summarised as: fix the 
numbers, fix the institutions, and fix the knowledge - briefly, a structural change. 
However, women in leadership positions in academia face challenges in structures, 
systems, and mindsets (Alcalde & Subramaniam, 2021), that require further analysis. 


3.20 Background 


Over the last 20 years, there has been a visible shift in the management structures 
of many organisations, with more women hired in management positions, but still 
with little advancement in their roles (Smieszek et al., 2018). The roles and posi- 
tions of women have been explored, and especially, how policy, education, inter- 
national collaboration, and mentoring can support women's scientific careers and 
promote greater diversity among scientists. Despite the apparent significance and 
impact of the gender perspective on science and scientific knowledge production 
(Buitendijk & Maes, 2015; European Commission, 2020), it has not yet been fully 
integrated into research processes globally (Heidari et al., 2016), or specifically in the 
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Arctic (АНРЕП, 2015), and not even in the European Research Area ERA (European 
Commission, 2021). 

Studies on women’s leadership have shown that women are more likely than 
men to present transformational leadership characteristics that motivate innovation 
and growth through teamwork (Cheung, 2021). In the corporate world, companies 
with more female board members than other companies have been found to be more 
profitable (Sandberg, 2019). Why, then, are so few women appointed to top positions? 

Gabriele Griffin and Marja Vehviläinen concluded their extensive research that 
spanned the United States, the United Kingdom, and the EU (Griffin & Vehviláinen, 
2021), that context matters for understanding the dynamics of persistent gender 
inequalities in research and innovation (R&I) throughout the Western world in 
the twenty-first century. Their research included more recent and emerging STEM 
employment fields such as biotechnology, health technology, and digital human- 
ities, which provided useful examples of the gendered R&I career struggles that 
are typical under the current regime of academic capitalism. The Nordic countries 
Finland, Sweden, and Norway have been ranking high in both the European Gender 
Equality Index and the European Innovation Scoreboard. However, specific everyday 
experiences of women working in R&I articulate persistent gender inequalities in the 
academe (Griffin & Vehviláinen, 2021). Each of the four researcher career stages— 
doctoral student, postdoctoral researcher, researcher/university lecturer, and research 
director/full professor—have different gender inequalities at play. Their interplay 
contributes to the durable inequalities, such structural elements and practices that 
are hard to be recognised and articulated, but what accompany women's research 
careers in the Nordic countries. Griffin and Vehviláinen (2021) write: 


The Nordic version of the gender paradox in R&I (with the underrepresentation of women 
in top R&I positions and STEM fields) has to develop a gender equality that supposedly 
already exists (Martinsson et al., 2016, 1) 


Women's careers are often more disrupted than men's, particularly in the new 
technology-driven knowledge economy. Griffin and Vehviláinen (2021) described 
the shift as that from a linear career path to an increasingly flexible one, which 
may even consist of parallel career paths. They presented the shift as having had a 
specific impact on women's careers, and identifying such impact makes for both a 
timely and urgent research topic. Those fewer female professors do provide important 
mentoring for younger female colleagues, but since they themselves are always in 
a significant minority, they can achieve only a limited elevator effect through these 
practices (Griffin & Vehviláinen, 2021). 


3.3 Design of the Study 


The recent studies both provide detailed understanding of gender segregation at 
the local level (Kaleva et al., 2019), and also identify and discuss on promising 
solutions (Ulvinen et al., 2021). This study complements the previous studies with 
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insights on roles and paths of women leaders in STEM fields at the university. The 
purpose is to understand better how both gender and gender equality promotion are 
intertwined in their academic career paths in the STEM fields. For this purpose, four 
women in top leadership positions in different disciplinary areas at a Nordic higher 
education institution (HED) were selected and invited to contribute to a chapter and 
joint elaboration of the matter. Three of them were originally educated in a STEM 
discipline, and one, in life science. АП their work relates to STEM fields when 
they participated in this study. Thus, the study method forms a novel application 
of autobiographical study (Járvelá, 1996) consisting of publicly available career 
stories online, usually in a concise form. АП career stories are contributing to a 
collective biography (Davies & Gannon, 2006) of women in STEM leadership and 
an organisational case study (Heikkinen, 2012) as an overall attempt to understand 
organisational culture and situations for structural change. 

These women in top leadership positions in STEM fields were approached to ask 
them if they were interested to co-author this chapter and to request their permission 
for us to utilise various publicly available materials on their careers and on them 
as STEM role models for this study. АП four women accepted both the invitation 
and use of their public materials, and two of them expressed interest in co-creating 
Wikipedia profiles that they did not yet have. 

This chapter explores the roles and contributions of women in leadership positions 
in higher education STEM fields of a large multidisciplinary university in a Nordic 
country. Based on the career paths of these four women leaders in STEM fields, 
the chapter explores the individual situatedness professionally, positionally, and in 
relation to the promotion of equality within an HEI. 


3.4 Professional Profiles of Women in Leadership Position 
in STEM Fields 


This chapter introduces four women in leadership positions in STEM fields at the 
University of Oulu. They are Vice-Rector in Research Taina Pihlajaniemi, Director of 
Sustainability and Regulation at 6G Flagship Marja Matinmikko-Blue, Dean of the 
Faculty of Technology Riitta Keiski, and Education Dean of the Faculty of Education 
Sari Harmoinen. 

The four introductions are based on already existing public profiles on the 
women's accomplishments, such as their profiles on the University of Oulu website 
and their Wikipedia profiles.” Additional online sources on their academic career- 
related activities, such as the university news and gender equality-related publica- 
tions, interviews, and videos were also viewed to gain a broader understanding of 
their current and past leadership positions. From these sources, short descriptions of 


? Бигореап Science and Innovation Commissioner Carlos Moedas discusses on the International 
Day of Women and Girls in Science, 11th of February 2019 how Wikipedia profile could be a one 
way to create more visibility for women’s STEM careers. Source: https://youtu.be/YSgKLmCnJSE. 
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their backgrounds, career paths, research interests, and tasks related to their lead- 
ership were drawn together. Their professional public image, leadership in diverse 
tasks, and impacts on gender and STEM-related matters were our particular areas of 
interest. 


3.4.1 Medical Biochemistry 


Dr. Taina Annikki Pihlajaniemi is a Finnish professor of medicine and collagen 
researcher. She is the Vice-Rector in Research at the University of Oulu for 2010– 
2025. In 2012-2017 she was a director of the Academy of Finland’s Center of 
Excellence in Cell-extracellular matrix research, which consisted of six research 
groups. 

From 1996 to 2009, Dr. Pihlajaniemi was the scientific director of Biocenter Oulu 
and the director of the graduate school. Before assuming her position as Vice-Rector 
in Research, she served on the Board of the CSC—Center for Science Information 
Technology for 12 years, in the last four years of which she also chaired the organ- 
isation. Pihlajaniemi also served as the Founding Director of Biocenter Finland in 
2006-2007, was a member of the Health Committee of the Academy of Finland 
in 1998-2003 and was a member of the Finnish Science and Technology Council 
chaired by the Prime Minister. 

Dr. Pihlajaniemi graduated from the University of Oulu in 1981. From there, she 
went to Rutgers Medical School in the United States for three years as a postdoctoral 
researcher. In 1987, she had her firstborn. The same year, she became a Doctor of 
Medicine in Oulu and was appointed docent. In 1990, she received a professorship 
in Medical Biochemistry. 

Dr. Pihlajaniemi is currently the Chairperson of the Equality and Non- 
Discrimination Board and has been leading a process of updating the Gender Equality 
and Non-Discrimination Plan of the University of Oulu for years 2022-2023. 


Sources 
Wikipedia: https://fi.wikipedia.org/wiki/Taina Pihlajaniemi. 


University of Oulu: https://www.oulu.fi/university/researcher/taina-pihlajaniemi. 
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News: https://www.oulu.fi/yliopisto/uutinen/pohjoispohjanmaan-palkinto-pihlajani 
emelle. 


Finnish Union of University Professors, Vimeo: https://vimeo.com/32626 134. 


3.4.2 Telecommunications 


Dr. Marja Matinmikko-Blue (until 2017, Matinmikko; born 1979 in the Rovaniemi 
countryside) is a Finnish researcher. She is a docent at the University of Oulu and 
has been the Research Coordinator in 2018-2021 and the Director of Sustainability 
and Regulation since October 2021 in the 6G Flagship at the University of Oulu. 

Dr. Matinmikko-Blue graduated from the University of Oulu with a master’s 
degree in Industrial Engineering and Management in 2001. She earned a licentiate in 
Communications Engineering in 2007, a doctorate in Communications Engineering 
in 2012, and a doctorate in Industrial Engineering and Management in 2018. Her 
research interests are interdisciplinary, combining technology, business, and regu- 
latory perspectives in the development of ICT solutions. Since then, Matinmikko- 
Blue’s main research topics have been related to the regulation of radio frequencies, 
future 6G systems, and sustainable development. 

In 2013, Finnish Foundation for Technology Promotion (Tekniikan Edistámis- 
säätiö TES) selected Dr. Matinmikko-Blue as the Young Scientist of the Year. The 
panel selected her for forging active and successful collaboration between research, 
industry, and administrations to develop the mobile networks of the future. 

Dr. Matinmikko-Blue worked at Nokia as an intern in 1999 and 2000, at the 
University of Oulu as a teaching assistant in 2000, and at VTT Technical Research 
Centre of Finland Ltd. (VTT) from 2001 to 2016 as a research scientist, senior 
scientist, and project manager. She joined the University of Oulu's Center of Wireless 
Communications in 2016. 

She has published more than 170 scientific publications and prepared more than 
150 contributions to national, European, and international regulatory bodies; chaired 
cognitive radio system studies at United Nations based International Telecommuni- 
cation Union Radiocommunication Sector (ITU-R). She has been a lead writer in the 
White Paper on 6G drivers and the UN SDGs, a contributor to the linking of mobile 
communications with the UN SDGs and the mapping process and the further elabo- 
ration of sustainability as a challenge and driver for novel ecosystemic 6G business 
scenarios (Matinmikko-Blue et al., 2020). 


Sources 
Wikipedia: https://fi.wikipedia.org/wiki/Marja Matinmikko-Blue. 


University of Oulu: https://www.oulu.fi/university/researcher/marja-matinmikko- 
blue. 
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News: https://www.oulu.fi/6gflagship/news/director-marja-matinmikko-blue. 


Shaking up Tech: https://shakinguptech.aalto.fi/uratarinat/marja-matinmikko-blu 
eWomen Women In Digital: https://www.youtube.com/watch?v=neUjTsZImOg. 


3.4.8 Environmental and Chemical Engineering 


Dr. Riitta Liisa Keiski (born Kalliokoski) is a Finnish professor. She holds a Profes- 
sorship in Mass and Heat Transfer at the University of Oulu and has been the Dean 
of the Faculty of Technology since 2015. 

Dr. Keiski graduated from the University of Oulu with a master's degree in Process 
Engineering in 1981, a licentiate in Technology in 1984, and a doctorate in Process 
Engineering in 1991, with her research focus on heterogeneous catalysis, environ- 
mental engineering, and reactor design. Since then, her main research topics have 
been related to sustainable development and green chemistry and technology. She 
also served as a Vice-Rector of the University of Oulu in 2006-2009. 

At the start of 2011, the Finnish Association of Professors elected Dr. Keiski 
Professor of the Year 2010 for being a researcher, developer of postgraduate educa- 
tion, and highlighter of issues related to research ethics and equality. Her research 
interests include globally important research topics related to sustainable develop- 
ment and green chemistry and technology. In 2013, she was awarded a research grant 
by the Tapani Járvinen Environmental Technology Fund. 

Dr. Keiski was awarded an honorary doctorate by Abo Akademi University in 
2018. She has also received Doctor Honoris Causa honors from the National Engi- 
neering University in Lima, Peru in 2015 and the Corvinus University of Budapest 
in Hungary in 2014. 

Dr. Keiski served as a president of NORDTEK in 2017-2019 and as a member 
of the Board in 2016-2020. She was a member of the Research Council of Natural 
Sciences and Engineering of the Academy of Finland from 1998 to 2000 and its 
Chairperson from 2001 to 2006, a Vice-Chairperson of the Research Ethics Advisory 
Board in 2007—2010, a member in 2010-2013, and a Chairperson from 2019 to 2022. 

During the years 2010-2012 Riitta Keiski has served as a Chairperson of the 
Gender Equality Board of the University of Oulu. Gender equality mainstreaming 
has been part of her leadership and she has acted as a role model for girls and 
inspiration for students in green engineering and sustainability (see e.g. Saavalainen 
2020). Besides, she has been a member of the working groups for Gender Equality 
Plans of the Academy of Finland and the University of Oulu. 


Sources 
Wikipedia: Riitta Keiski https://fi.wikipedia.org/wiki/Riitta Keiski. 
University of Oulu: https://www.oulu.fi/yliopisto/tutkija/riitta-keiski. 


Finnish Union of University Professors, Vimeo: https://vimeo.com/32625698. 
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Science for Girls, interview: https://www.tiedettatytoille. fi/riitta-keiski/. 


3.4.4 Mathematics and Physics 


Dr. Sari Harmoinen is a lecturer on subject studies, mathematics, and physics at the 
Faculty of Education of the University of Oulu. She was appointed as docent on 
STEAM teaching and learning at the University of Turku 2020. Before teaching at 
the University of Oulu, Dr. Harmoinen was a high school mathematics and physics 
lecturer at the city of Oulu and a secondary school mathematics, physics, and chem- 
istry. As the Education Dean of the Faculty of Education at the University of Oulu in 
the past six years, she has been responsible for all curriculum development and for 
the quality of education at the faculty. Together with her colleagues, she is developing 
two minor study subjects: Sustainable Development Studies (SDS) and STE(A)M. 
The SDS is expected to be launched in 2022. 

Dr. Harmoinen has contributed widely to the quality and development of educa- 
tion both nationally and internationally. She was a member of the EUA peer group 
in 2019; Vice-Chair of FINEEC's Evaluation Council and member of FINEEC's 
Higher Education Evaluation Committee in 2018-2022; and a member of the Teacher 
Education Development Programme of the Ministry of Education and Culture. 

According to the study on university students’ readiness for social activity in 
climate actions (Harmoinen et al., 2020), students are interested in climate change but 
need reliable fact-based information on it. However, students are already considering 
contributing to climate actions. 


Sources 
Wikipedia: https://fi.wikipedia.org/wiki/Sari Harmoinen. 
University of Oulu: https://www.oulu.fi/yliopisto/tutkija/sari-harmoinen. 


News: https://www.oulu.fi/fi/uutiset/ilmastonmuutospuhe-kyllastyttaa-nuoria- 
mutta-saa-aikaan-myos-tekoja. 


3.5 Lessons Learned on Gender and STEM Leadership 


Inthe previous chapter, the successful and unique careers of four professional women 
in STEM and related fields at the University of Oulu were briefly presented based 
on already existing publicly available online materials. These women have been 
working as researchers and teachers, research group leaders, innovators, role models, 
supervisors, and supporters of younger female STEM professionals. Their scien- 
tific achievements in their own academic research areas—in medical biochemistry, 
telecommunications, environmental and chemical engineering, and in teaching of 
mathematics and physics—have been remarkable. 
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Furthermore, they have been elected to positions at the very top of their entire 
university: as the Vice-Rector in Research (Taina Pihlajaniemi), the Dean of the 
Faculty of Technology and former Vice-Rector in Education (Riitta Keiski), Director 
in Sustainability and Regulation of the 6G Flagship (Marja Matinmikko-Blue), and 
Education Dean of the Faculty of Education (Sari Harmoinen). As part of these 
listed administrative academic duties, they have also put in efforts to promote gender 
equality in STEM fields in various projects and campaigns and even more broadly, 
as one of them has chaired the Gender Equality and Diversity Board (GEDB) of the 
university, and one is the current Chair of the GEDB. 

By elaborating these four unique careers, we were able to compile these women’s 
multiple international professional roles in STEM fields and in relation to gender 
equality promotion in their university. As a result of this collective action their indi- 
vidual leadership roles as influential women in STEM fields become even more 
visible. Gradually it becomes apparent, that through their professions, institutional 
positions, duties, and responsibilities they were influencing further on attraction, 
access, and retention of other women in their STEM careers, as well as sustainable 
development in general and UN SDG's in particular. 

These women are in their 40 s, 50 s, and 60 s. They all originate from Northern 
Finland and from the sparsely populated countryside municipalities, from places 
such as Haapajárvi, Halsua, Rovaniemi, and Rovaniemi countryside. They all have 
extensive international experience through their research and development projects. 
Despite their international academic careers and networks, they are affiliated to 
the University of Oulu. Two of them have built their careers at the University of 
Oulu and two of them have built a career first outside the university—one in the 
public sector and the other, in a state owned non-profit company. The following table 
presents the main public leadership channels of the four women working in STEM 
and related fields, as they appear in the public data: academic professions, adminis- 
trative positions, and appointments to gender equality promotion tasks and projects 
(Table 3.1). 

Many women in STEM fields receive requests to join various projects and 
campaigns to attract more women into the field (Brunila et al., 2005). Such campaigns 
and projects as the Shaking up Tech, Women in Digital, Science for Girls, Women 
in Mining, Women IT in addition to W-STEM appear in data. These projects include 
strategies for structural transformation through implementation of systematic insti- 
tutional measures, which quite blatantly aim to expose gender as an organising 
principle at the institution (Garcia-Holgado et al., 2020; UNESCO, 2017b; EIGE 
2016). Such transformative practices include gender mainstreaming in all institu- 
tional actions, gender equality planning (GEP), as well as sex and gender analysis of 
research projects (Buropean Institute for Gender Equality (EIGE, 2016). However, 
these tasks require at least human resources, so leadership to improve institutional 
gender equality is needed and in addition to that a collective, systematic commitment 
for its actual progression and for implementation of GEP. 

Two of the leaders have chaired the Gender Equality and Diversity Board (GEDB) 
of the University of Oulu. The main role of the GEDB is to draft the university's GEP, 
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Table 3.1 Channels for women’s leadership in STEM— profession, position, and promotion of 


gender equality 
Name Profession Position Promotion 
of gender equality 
Dr. Taina Professor in Medical Vice-Rector in Chair of the Gender 
Pihlajaniemi Biochemistry Research Equality and 
Diversity Board 
Dr. Marja University Researcher | Director in Shaking up Tech, 
Matinmikko-Blue in Telecommunications | Sustainability and Women In Digital 
Regulation of the 6G 
Flagship 


Dr. Riitta Keiski 


Professor in Chemical 
Engineering (Mass and 
Heat Transfer) 


Dean in the Faculty of 
Technology, Former 
Vice-Rector in 
Education 


Former Chair of the 
Gender Equality and 
Diversity Board, 
Science for Girls, 
Women in Mining 


Dr. Sari Harmoinen 


University Lecturer on 
Physics and 


Education Dean in the 
Faculty of Education 


Women IT, 
W-STEM 


Mathematics Didactics 


to monitor its implementation and to revise it every other year. The GEP includes 
an evaluation of the current gender equality situation, statistical information on the 
number of human resources and salary levels in different job categories and selected 
institutional gender equality issues for improvement with defined measures and 
targets, timetable and named parties responsible for implementing those measures, 
and indicators to measure improvements towards targets (EIGE, 2016). 

In addition to gender equality promotion women have been taking active roles in 
development activities related to the UN Sustainable Development Goals (UNESCO, 
20172) in universities. This has become apparent for instance in the White Paper on 
6G Drivers and the UN SDGs led by Matinmikko-Blue et al., 2020), which describes 
the role of telecommunications in Agenda 2030. Also, minors in the Sustainable 
Development Studies (25 credits) and STE(A)M Studies (25 credits) under planning 
led by Sari Harmoinen are fostering educational capabilities for future professionals 
that will help them overcome their STEM subject silos and discuss global issues such 
as climate change (Harmoinen et al., 2020) on a transdisciplinary manner. Further- 
more, supervision of postgraduate students in the Development of Sustainability 
Assessment Tool and Criteria for early stage process design projects (Saavalainen, 
2020) has been in the core of activities in Riitta Keiski's academic work. 

Itis quite challenging to get women appointed to the top management positions in 
STEM-related fields and also more broadly to the top administration at the University 
of Oulu. First, it is highly likely that due to fierce competition the top positions will 
be filled with a candidate who is selected among the majority group of professionals 
from STEM fields. However, in those STEM research fields, which have the largest 
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faculties in the University of Oulu, women are underrepresented, increasing likeli- 
hood that the minority position can create unconscious biases and thus hindrances 
for their career promotion, and against their access to the top positions (Frith, 2015) 
unless addressed by institutional support mechanisms (Husu et al., 2011). 


3.6 Discussion—Strategies and Synergies for Women 
in Leadership 


These four professionals have been and are important role models, encouragers for 
the STEM fields, and public speakers for campaigns for more gender equality in 
academia. They have built networks and alliances with SSH disciplines at the insti- 
tutional, national, and international levels. Two of our focus women have a long- 
term affiliation with the university. In addition to an excellent academic record being 
familiar with one’s Higher Education Institution, known and respected by colleagues 
may raise one’s chances of having a leadership position there. Additionally a mentor’s 
support is valuable (Husu et al., 2011). Two of the current women leaders have 
spent considerable time working outside the university right after their graduation 
providing them invaluable experience. Contacts to regional actors, municipalities, 
companies, and other research institutions are assets for career building also within 
University and for a leadership position in STEM fields. 

Within the University of Oulu, institutional awareness of gender segregation as 
the underrepresentation of women in the STEM fields as more of a sustainability- 
related problem has increased. Global actions for gender desegregation are needed 
in both the STEM and SSH fields (Microsoft, 2017a). Identified barriers to women’s 
entry into the STEM fields (UNESCO, 2017a) are just parts of the problem and 
thus, are enticing to solve for a start. Detailed understanding of the problem both on 
European (Bettio & Verashchagina, 2009) a national (Brunila et al., 2005; Microsoft, 
2017b) and at the local level has increased (Pursiainen et al., 2018; Kaleva et al., 
2019). Promising practices to solve the situated challenges have been identified 
and discussed further by various locally influencing actors (Brunila et al., 2005; 
Heikkinen et al., 2014; Ulvinen et al., 2021) during past two decades. 

The W-STEM project has enabled networking, collaboration, and further articula- 
tion of the locally appearing challenges but also formulation of aspired-for solutions 
within an HEI. Synergies within our own local university, with W-STEM consor- 
tium partners and more extensively, through international networking have been and 
are empowering. Our local W-STEM work related to theoretical and conceptual 
development is contributing to closing the gender gap in STEM. This practical work 
took the form of articles published in the Arctic Yearbook 2021, entitled “Intersec- 
tional Gender-Responsibility in STEM: Co-Creating Sustainable Arctic Knowledge 
Production” (Heikkinen et al., 2020) and “The SAGA of Sustainable Development: 
Gender and Other Differences in Knowledge Production of HEIs in the STEM Field". 
The latter is an analytical project description published in the Finnish Gender Studies 
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journal called Sukupuolentutkimus (Heikkinen et al., 2021). Furthermore, a piece of 
an academic discussion on an institutional policy enforcement aimed at structural 
transformation, “Gender Equality in STEM Programs: A Proposal to Analyse the 
Situation of a University about the Gender Gap”, was published in the IEEE Global 
Engineering Education Conference proceedings (Garcia-Holgado et al., 2020). 


3.7 Conclusion 


Gender-based differences in participation in science, technology, engineering, and 
mathematics (STEM) fields have been apparent in higher education for decades 
(Brunila et al., 2005). According to the United Nations Educational, Scientific and 
Cultural Organization (UNESCO, 20172), in (2014-2016), just around 30% of female 
college students worldwide selected STEM-related areas as their areas of study. The 
lowest proportion of women studied technology, manufacturing and construction, 
science, mathematics and statistics, and information and communication technology 
(ICT). One topic that has been brought up in literature is the Nordic gender paradox— 
a behavioural pattern among Western women of tending not to seek careers in STEM 
despite their success in school, due to which women remain a minority in STEM 
(Griffin & Vehviláinen, 2021). Within this broad global challenge, identified barriers 
to women’s entry in STEM fields (Microsoft, 2017a) are particularly challenging to 
solve. Global actions are needed to address gender segregation in both the STEM and 
Social Sciences and Humanities (SSH) fields by solving the identified root causes of 
the problem (Bettio & Verashchagina, 2009). 

How could we provide appropriate support to our W-STEM project partners 
solving issues on gender segregation in Latin America, when we have not been able 
to solve them appropriately in Europe, including in global gender equality leaders 
Nordic countries? Certainly, we can learn from each other and hopefully, from our 
mistakes, so that we would not repeat them, but rather co-create new gender respon- 
sible and sustainable ways of seeing, being, and becoming with STEM and STEAM 
(Heikkinen et al., 2020) and further making and taking leadership. 

In the W-STEM project, we have discussed with the consortium partners on critical 
science political issues such as the appropriateness to attract more women into STEM 
fields as change agents, as well as related geographical, societal, and cultural issues. 
Due to the course of W-STEM project we attempted to generate inspiration for 
locally tailored, evidence-based approaches for gender desegregation both in Latin 
America and in Europe to support such work also elsewhere. It seems that it is the 
way forward—to think globally and act locally. 

Globally available online gender equality resources provided by UNESCO and 
EU have been beneficial for the local work. The UN STEM and Gender Advance- 
ment (SAGA) tool (UNESCO, 2017b) offer remedies for addressing gender equality 
issues in the STEM fields within an institution, including leadership. The European 
Institute for Gender Equality (EIGE) provides useful applicable promising practices 
for institutional gender equality work through the Gender Equality in Academia 
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and Research (GEAR) tool (EIGE, 2016). These SAGA and GEAR tools could be 
systematically utilised as part of the institutional GEP process, but most importantly 
in addition to leadership, the institutional gender equality work needs committed 
people, a community of practitioners—CoP’s, that would benefit on interorganisa- 
tional networking, support, and exchange of promising practices (Thomson et al., 
2021). 

Therefore, it is worth sharing that the University of Oulu launched its own Decla- 
ration on Responsible Science (Appendix) in 2020. The declaration includes gender 
responsibility, as follows: 


We take into account the implementation of gender equality and diversity in the composition 
of research groups and research decision-making. We improve the scientific quality and the 
societal relevance of the produced knowledge, technology, and innovation by integrating 
gender analysis in research content. 


Local Declaration on Responsible Science and European Responsible Research 
and Innovation (RRI) approach,? as well as diverse ways to improve research integrity 
(Mejlgaard et al., 2020), pave the way for further intersectional gender equality 
mainstreaming at the HEIs. These approaches provide a set of useful tools for all 
leaders who take time from academic research for gender equality promotion at their 
institutions, for both women, men, and people who identify themselves differently. 
Thus, the administrative challenge is to provide appropriate academic merit for an 
individual on those institutional gender equality promotion efforts since they require 
serious personal input and leadership. Besides creating an equal culture and climate 
in HEIs is important for health and well-being of academics, it is also a profound 
matter in co-creating excellence in the academic outcomes. 
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Appendix 


Declaration on Responsible Science 


The University of Oulu promotes open and responsible science, responsible conduct 
of research, sustainable development, equality and non-discrimination in research, 
and responsible research assessment. 

We follow the responsible conduct of research, the principles that are endorsed by 
theresearch community, that is, integrity, meticulousness, and accuracy in conducting 
research, and in recording, presenting, and assessing the research results. 


3 Responsible Research and Innovation tools: https://rri-tools.eu/ Accessed 29.11.2021. 
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We promote sustainable development in all our research activities and take into 
account its ecological, cultural, social, and economic dimensions. 

We are committed to freedom of scientific research and to promoting open access 
to research knowledge. 

We take into account the implementation of gender equality and diversity in 
the composition of research groups and research decision-making. We improve the 
scientific quality and the societal relevance of the produced knowledge, technology, 
and innovation by integrating gender analysis in research content. 

We are committed, by signing the Finnish Declaration for Open Science and 
Research 2020-2025, to: promote openness as a fundamental value throughout the 
research community and its activities, strengthen societal knowledge base and inno- 
vation, and improve the quality of scientific and artistic research outputs and the 
educational resources based on them, and the fluid mobility and impact of research 
outputs throughout society. 

We are committed, by signing the DORA Declaration, to the development of 
research assessment and responsible use of metrics. When assessing research, we 
take into account the value of all research results as well as a wide range of different 
indicators, including qualitative indicators such as the impact on society. 

We support the goals of the European Open Science Cloud (EOSC) to bring 
together open science data services and data produced in the EU to make the use of 
services and the sharing of research results as simple and easy as possible. 


References 


Responsible conduct of research and procedures for handling allegations of miscon- 
duct in Finland (Finnish Advisory Board on Research Integrity). 


The European Code of Conduct for Research Integrity (European Federation of 
Academies of Sciences and Humanities). 


The United Nations Sustainable Development Goals. 
Sustainability and responsibility theses of the UNIFI (Universities Finland). 


Bonn Declaration on Freedom of Scientific ResearchGender Equality (Responsible 
Research and Innovation Tools)Promotion of equality and non-discrimination at the 
Academy of FinlandVademecum on Gender Equality in Horizon 2020Declaration 
for open science and researchDORA DeclarationEOSC Declaration. 


Source Responsible research. 


https://www.oulu.fi/en/science-arctic-attitude/responsible-research. 
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Reflections on Selected Gender Equality ere 
in STEM Initiatives in an Irish University 
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Leslie Shoemaker, and Ciaran O’Leary 


Abstract This chapter provides an account of the journey taken by the College of 
Sciences and Health in Technological University Dublin over an eleven-year period, 
from 2010 to 2021, as it sought to address the challenges of gender inequality in 
STEM (Science, Technology, Engineering, Mathematics) disciplines. The start and 
end points for the journey are marked by the formation of the College and its even- 
tual replacement following a reorganisation of the Higher Education landscape in 
Ireland and a structural reorganisation at University level. This chapter draws upon 
the authors’ collective experience of leadership within the managerial structures of 
the College and the University, and leadership on specific initiatives, to illustrate 
how consideration of gender equality and inequality featured within the journey 
taken by the College over this period of time. The chapter applies a broad lens 
to analyse the gender profile of the College’s people and practices, including its 
planning, its operational management, its leadership, its staff profile and its student 
cohorts over the eleven-year period. The chapter also focusses more narrowly on 
a set of specific initiatives undertaken within the College or across the University 
which impacted upon the College. Collectively, the two perspectives demonstrate 
how a STEM College evolved over an extended period of time, shaped by cultural 
changes and challenges and bolstered by initiatives that targeted the areas of greatest 
challenge. This eleven-year snapshot provides insight into a journey that has built 
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momentum and has potential to continue into the future. The story communicated in 
this chapter will be of value to Higher Education leaders and practitioners that wish 
to learn from this experience and interpret the approach set out in this chapter for 
their own local context. 


Keywords Gender equality in STEM · Academic leadership and gender equality 


41 Introduction 


Ireland has evolved to become one of the world’s leading hubs for life science and 
technology-based industries, leading to a growing demand for graduates with exper- 
tise and innovation capabilities in the STEM (Science, Technology, Engineering, 
Mathematics) fields. Skills shortages have been identified as the main inhibitor 
to growth and development in these sectors. For example, Engineers Ireland has 
recently reported that ninety-four per cent of relevant employers have cited skills 
shortages as the main barrier for growth (Engineers Ireland, 2021). This skills 
shortage is significantly influenced by a concurrent gender gap in STEM in terms of 
both enrolment on relevant University programmes and workforce profiles (Women 
in STEM Ireland, 2021). Furthermore, the pipeline of school leavers entering STEM 
programmes in higher education has been affected negatively by a significant decline 
in interest in STEM subjects for Irish secondary school terminal examinations (the 
Leaving Certificate), a situation that is affecting young women disproportionately 
(Department of Education, 2020). According to the Irish Central Statistics Office, 
women account for less than one-third of those employed in the Information and 
Communications Technology sector in Ireland and across the European Union 
(Central Statistics Office, 2019). In addition to a recognised gender pay-gap in 
STEM employment, gender imbalance is particularly pronounced in senior roles in 
industry where just seventeen per cent of Chief Executive Officer (CEO) roles are 
held by women (Women in STEM Ireland, 2021). 

Higher Education has the potential to play a critical role in addressing gender 
inequality in STEM. However, Higher Education must first actively reflect upon 
how gender inequality is addressed in its own sector. In Irish Higher Education, for 
example, only twenty-three percent of professor roles are held by women (Higher 
Education Authority, 2018). Positive change in Higher Education requires Institu- 
tions to take action related to the gender profiles of their leaders, staff and students. 
Institutions need to critically reflect upon their organisational culture and nurture a 
culture that places equality of opportunity and experience for both staff and students at 
its core. This chapter provides a case study that describes the journey that the College 
of Sciences and Health in Technological University Dublin (TU Dublin) undertook 
over a period from 2010 to 2021. During this eleven-year period, the College has 
evolved towards a more inclusive and diverse working and learning environment 
that is internally and externally engaged in promoting women in STEM. While the 
College has experienced much success in this period, the journey is ongoing and the 
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challenges of gender equality, and equality more generally, remain key concerns for 
STEM in TU Dublin. This is also the case for Irish Higher Education more broadly. 

The chapter first provides a description of the College of Sciences and Health, 
TU Dublin, in Sect. 4.2. Sections 4.3, 4.4 and 4.5 deal specifically with staffing of 
the College and a critical evaluation of the changes that took place, or did not take 
place, during the period under consideration. This includes two sections titled 'Inter- 
vention in Focus’, dealing specifically with the formation of a Women Leadership in 
Higher Education group in TU Dublin; and the provision by the University of gender 
training for researchers. Sections 4.6, 4.7, 4.8 and 4.9 address the student profile and 
student recruitment in the College. Three further “Intervention in Focus’ sections 
included in this part of the chapter address the formation by staff in the College of an 
Irish Network on Gender Equality in Computing Education; the development of an 
innovative mentoring programme in partnership with industry for women on STEM 
programmes; and the development—as part of the W-STEM project—of a workshop 
for second-level schools that challenges gender stereotyping of STEM roles. 


4.2 The College of Sciences and Health, TU Dublin 


As Ireland’s capital city and largest city, Dublin has attracted substantial investment 
in recent decades from multinational companies, many of whom have established 
their European headquarters in Dublin. The city has become a European hub for the 
Information and Communications Technology (ICT) industry, and—along with other 
Irish cities—it has contributed to Ireland becoming an important European centre for 
other STEM industries such as Pharmaceuticals and Medical Devices (IDA Ireland, 
2021). As such, there is a significant demand for talent in STEM fields in Dublin and 
throughout Ireland, a demand that has informed the shaping and strategy of Dublin’s 
newest University, Technological University Dublin. 

Technological University Dublin (TU Dublin) was established in January 2019 
as the result of a formal merger between three Higher Education Institutions in the 
Dublin region: Dublin Institute of Technology (DIT), Institute of Technology Blan- 
chardstown (ITB) and Institute of Technology Tallaght (ITT). The new University 
was the first Technological University to be established in Ireland following the publi- 
cation by the Irish government of its National Strategy on Higher Education in 2011 
(Higher Education Authority, 2011). Through this strategy, the government proposed 
the amalgamation of regional clusters of smaller institutions to form Technological 
Universities throughout Ireland, joining the community of similar Universities inter- 
nationally that ‘operate at the highest academic level in an environment that is specif- 
ically focused on technology and its application’ (Higher Education Authority, 2011, 
p. 103). Through its preceding Institutions, TU Dublin has a rich history over one 
hundred and thirty years of providing technical and technological higher education 
in Dublin, with its graduates contributing nationally and internationally to social and 
economic development and culture and education. 
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Following its formation, the academic units in TU Dublin continued to operate in 
the preceding structure for a period lasting until August 2021, when the Colleges that 
had been established in Dublin Institute of Technology over a decade earlier were 
subsumed into new Faculties that spanned the full University. One of these Colleges, 
the College of Sciences and Health, had been established in March 2010 and was 
replaced in 2021 with the appointment of Deans for the University’s new Faculties. 
This chapter uses the eleven-year period of existence of the College of Sciences and 
Health to bound a case study that explores how consideration of gender equality and 
inequality shaped its journey. 

Throughout the period covered by this case study, the College of Sciences and 
Health was comprised of six schools in STEM disciplinary areas. The College had 
between 230 and 270 staff at any one time during this period, including academic 
staff, professional services staff, technical staff and management. The College was 
led by a Director and Dean (a single role) and managed through a College Leadership 
Team comprised of the Heads of School for the six schools, a College Manager, a 
Head of Learning Development and a Head of Research. Each school was managed by 
its respective Head of School and two or more Assistant Heads of School. Academic 
quality assurance for the College was managed through its College Board which 
in addition to including all management within the College also included staff and 
student representatives. 

The College offered thirty programmes to school leavers in Ireland, attracting 
between eight hundred and nine hundred students onto these programmes annually. 
In addition, the College offered educational opportunities to mature learners, part- 
time learners and postgraduate students, and had a research student population of 
over two hundred students at any time. Overall, the College had a population of 
approximately four thousand students at any point in time. The College was also 
a primary contributor to research within both Dublin Institute of Technology and 
Technological University Dublin. From 2010 to 2021 the College was one of the 
largest providers of professional- and industry-oriented science graduates for the 
Agri-Food, Pharmaceuticals, ICT and Health sectors in Ireland. 


4.3 Staffing, Recruitment and Promotion in the College 


While the gender profile of academic staff in the College of Sciences and Health 
has remained consistent over the period being reported upon, with between forty- 
five and fifty-five per cent of academic staff from both genders at any point in time, 
the gender profile of senior positions in the College has seen a more substantial 
change in this period. As TU Dublin (and Dublin Institute of Technology prior to 
the formation of TU Dublin) is part of the Technological Higher Education Sector 
in Ireland, the academic staffing of the College is organised according to a linear 
progression route from Assistant Lecturer; to Lecturer; to Senior Lecturer I (a senior 
teaching position); to Senior Lecturer II (an academic management grade at which 
the roles of Assistant Head of School, Head of Learning Development and Head of 
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Research are positioned); and Senior Lecturer III (an academic management grade 
at which the role of Head of School is positioned). In 2010, 7696 (n — 13) of the 
Senior Lecturer I positions in the College were held by male academic staff and 2496 
(n = 4) were held by female academic staff. Ву 2021, the gender profile at this grade 
had become 50% female (n = 8) and 50% male (n = 8). At management level in the 
College, the aggregated counts for staff at the Senior Lecturer II and Senior Lecturer 
III grades were 71% male and 29% female in 2010. By the end of the case study 
period in 2021, the gender profile at this grade had become 45926 male (n — 8) and 
55% female (n = 11). The College Leadership Team, described in the last section as 
having ten senior members from management grades in the College, has remained 
at 30% female (n = 3) and 70% male (n = 7) during this period of time. 

The changes that have taken place in the College, or that have not yet taken place, 
are features of a journey that is ongoing. In 2010 the gender profile of the College 
was typical for an organisation that had concerning issues regarding gender equality 
and inequality. Although the overall gender profile across all staff was balanced 
(with greater than forty per cent of each gender represented) a significant imbalance 
was evident at senior academic and academic management roles. At this early stage 
it was recognised by the College leadership that there was frequently a dearth of 
applications for senior roles in general, with a particularly low level of interest being 
expressed by female staff in promotion to either Assistant Head of School (SLII) or 
Head of School ($111) roles. Through consultations with staff it became obvious that 
the culture of succession at that time was dominated by a perception that candidates 
were already identified for these positions prior to interview and in that context there 
was little value in competing for senior positions. In consulting with a range of female 
staff to try to identify roadblocks to applications, issues such as family commitments 
versus commitments of the roles, and other elements of the non-attractiveness of 
Head of School and Assistant Head of School roles also surfaced. 

In the period from 2010 to 2021 the gender balance across management roles 
within the College has progressed in a positive direction, resulting in a viable pipeline 
of female applicants for senior roles within the new TU Dublin Faculties. The tran- 
sition from the situation apparent in 2010 to that seen in 2021 was due to significant 
cultural and organisational changes. These included the cultivation of effective chan- 
nels for communication for staff, students and other stakeholders and fostering an 
open and consultative culture in the College. In an open, trusting environment under- 
pinned by inclusion and empowerment, the College sought to address the perceptions 
of staff regarding recruitment and promotion opportunities and encourage female 
staff to engage with the national- and University-wide supports that were being put 
in place (see Dunne et al., 2021 in this volume). In addition, transformative inter- 
ventions and initiatives introduced within the College and TU Dublin more broadly 
have contributed to the progression of the College's approach to enhancing its gender 
equality profile during this period. 

TU Dublin's human resources processes underwent significant change during this 
period, both for recruitment and performance management. Recruitment processes 
for all new appointments were transformed through the introduction of unconscious 
bias training for all managers who participate on recruitment selection panels; the 
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introduction of mandatory gender balance on all interview panels; and the provision 
of effective feedback from interviews. The introduction of mandatory performance 
management and development for staff accompanied this change, leading to the 
development by staff of individual Personal Development Plans leading to Team 
Development Plans. Through this approach to planning, the College and the Univer- 
sity were able to set and review targets that drew from individual experiences and 
goals. In 2018, Dublin Institute of Technology (of which the College was part at 
that time) was successful in its application for the Bronze Medal Award under the 
Athena SWAN programme (see Dunne et al., 2021 in this volume for further discus- 
sion regarding Athena SWAN). This award was made in recognition of commitment 
to advancing gender equality for women in STEM through organisational and cultural 
change. 

Within the College, a new College committee structure was developed to engage 
and involve the wider College community in implementing the College strategy, and 
to encourage and facilitate inclusion, collaboration and sharing of resources. This 
committee structure acted as an effective channel of communication for staff, students 
and other stakeholders and fostered an open and consultative culture in the College. 
The College required that the membership of all College committees was gender- 
balanced, and set out this requirement in the terms of reference for the committees. 
The College introduced an expression of interest approach for membership of these 
Committees, replacing а nomination-based approach in which female staff were often 
under-represented. 

Within the College, a number of influential female role models were recruited at 
senior levels. This included the appointment of one of the first female heads of a 
Computer Science school in Ireland, which ultimately transformed the culture and 
approach to equality, diversity and inclusion in that typically male-dominated disci- 
pline area. The School of Computer Science in TU Dublin has become a national and 
international award-winning leader in promoting women's participation in Computer 
Science. In 2020 the School of Computer Science was successful in attracting funding 
for one of twenty nationally dedicated senior academic Professors under the National 
Senior Academic Leadership initiative (SALi) (see Dunne et al., 2021 in this volume 
for further information regarding SALi). The funding facilitated the appointment of 
a permanent Professor of Inclusive Computer Science Education for TU Dublin. 

The next two sections deal in detail with two interventions that had a significant 
impact on gender balance in the staffing and activities of the College of Sciences and 
Health in TU Dublin: the establishment of the Women Leaders in Higher Educa- 
tion group; and the roll-out across the University of gender-related training for 
researchers. 
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4.4 Intervention in Focus: Women Leadership in Higher 
Education 


Since 2014, TU Dublin sponsored twelve women annually to participate in the 
AURORA Leadership Development Programme for Women in Higher Education 
(see Dunne et al., 2021 in this volume for further information regarding AURORA). 
A key message put forth in the AURORA programme relates to the benefit derived 
from being part of a strong network for women in higher education. This insight led 
to the formation of the Women Leadership in Higher Education (WLHE) network in 
TU Dublin. 

A group of senior TU Dublin Managers from across the University, led by a senior 
academic manager in the College of Sciences and Health, established the Network in 
2016 with the objective of encouraging and supporting women within TU Dublin to 
progress their careers and thus address imbalances in the gender profile at managerial 
level in TU Dublin and more broadly in Higher Education. The Network aims to be 
inclusive of women in academic, administration, research and technical roles at all 
levels and stages across TU Dublin. The Network hosts events, talks and workshops 
that are designed to encourage participants to take time for reflection on their personal 
and professional development and career advancement and enhancement. 

To date the Network has held events in the thematic areas of: 


Professional enrichment, career advancement and promotion; 
Developing your professional supportive network; 

Being ready for opportunities; 

Leadership in higher education: where are the women? 
Transformation—the power of you; 

Conscious leadership—focus on the *we' not the *me'. 


Keynote speakers have included female political leaders, educational leaders, 
television presenters and media experts, along with global business leaders. Speakers 
have shared their experience and personal journey to date including lessons learned 
and challenges along the way; their career launching platform (education/personal 
and professional supportive networks/mentors); how they made themselves ready 
to take opportunities and what influenced their choices; the values and beliefs they 
hold; and how they maintain a healthy work/life balance. More recently the Network 
launched a series of "Соте for Coffee’ events, which aim to bring members of 
the Network across TU Dublin together to network with colleagues and to share 
experiences. These continued during the Covid-19 pandemic, as events moved to a 
virtual format. For its November 2020 event guest speakers explored experiences 
with Covid-19 and provided the audience with tools for supporting themselves, their 
families, colleagues and students. The success of the Women Leadership in Higher 
Education Network is evident in the high attendance to date, with each event attracting 
staff that recognise the need to focus on what they are doing to ensure that they achieve 
their personal goals. 
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4.5 Intervention in Focus: Researcher Gender Training 


To ensure the gender element is considered within STEM research the main research 
funding organisations in Ireland, the Irish Research Council and Science Founda- 
tion Ireland, have included gender equality in their high-level strategic plans and 
consequent action plans. Each has introduced strategies to ensure that the research 
they fund meets the criteria that there will be gender equality in (1) research careers 
and teams and (2) integration of sex/gender analysis in research content (see (Dunne 
et al., 2021) in this volume for further information regarding these initiatives). To 
support its researchers in meeting these criteria the TU Dublin Research, Enterprise 
and Innovation Unit organised half-day researcher training workshops, one of which 
was hosted by the College of Sciences and Health in October 2019. The training was 
delivered by Yellow Window, a French-based global, multi-disciplinary product, 
service and public policy design agency employed by the EU to develop a Gender 
Research Toolkit and deliver training sessions all over Europe in order to give the 
research community practical tools to integrate gender aspects into research. 
The objectives of the training workshop were: 


e Strengthening participants’ knowledge on gender issues; 

e Raising participants’ awareness on the importance of integrating gender in 
research; 

e Informing participants on gender in Horizon 2020; 

e Strengthening participants’ capacities to integrate gender in research. 


The resources were drawn from the EU Gender Toolkit, which comprises a series 
of documents available to download in English and Spanish (Yellow Window, 2012). 
The toolkit includes an introduction; a checklist for embedding gender in research; 
and a series of case studies and specific guidance and further reading for nine specific 
research fields: health; food, agriculture and biotechnology; nanosciences, materials 
and new production technologies; energy; environment; transport; socio-economic 
sciences and humanities; science in society and specific activities of international 
co-operation. 


4.6 Student Recruitment and Support in the College 


In the period under consideration in this case study, the College of Sciences and 
Health increased female student enrolments on full-time undergraduate programmes 
in the College by fifty-three per cent from 1,201 to 1,832, and increased the proportion 
of female students enrolled in those programmes from forty-five per cent to fifty-three 
per cent. Student recruitment in the College is undertaken in the constituent Schools 
(for example, see specific interventions designed by Schools in Sects. 4.7, 4.8 and 
4.9) and on a shared cross-College platform. The College of Sciences and Health 
coordinated its cross-College outreach activities through its Public Engagement and 


4 Reflections on Selected Gender Equality ... 77 


Recruitment Committee, а sub-committee of the College Leadership Team. It was a 
requirement that the committee, like all sub-committees of the College Leadership 
Team, consisted of at least forty per cent female and at least forty per cent male 
representation. 

The outreach activities undertaken by the College included visits to secondary 
schools for career evenings, open days and class presentations. In addition, students 
from secondary schools visited TU Dublin’s Science campuses on a number of occa- 
sions throughout the academic year, including a dedicated open day which took place 
in March or April of each year, a Science competition which invited secondary school 
students to submit a project, an open day for students from educationally disadvan- 
taged backgrounds, an open day for students in Further Education Colleges, activities 
as part of National Science Week, Science camps and ad-hoc visits by schools. The 
College’s Public Engagement and Recruitment Committee aimed to ensure gender 
balance in any situation where two or more staff were presenting to guests from 
secondary schools or while visiting secondary schools. The College implemented 
a Student Ambassador programme whereby students could apply to represent the 
College at public events. The College had built a requirement for representation of 
male and female students into the terms of reference for the Student Ambassador 
programme and included this as a statement on the application form. The College 
also ensured that all promotional literature presented an inclusive environment with 
diversity reflected among the staff and students identified by name or image. 

The next three sections present specific interventions designed within Schools in 
the College of Sciences and Health. 


4.7 Intervention in Focus: Gender Equality in Computing 


It was one of my first labs—I stood at the door—there was already a big group of lads in 
there making a lot of noise—generally rowdy—and no other girls around. The lab assistant 
was sitting in the corner. I really wanted to turn around and run. I nearly did. But I went in 
and just sat quietly—too mortified to ask anyone how to get started. 


—Female first-year Computer Science student, TU Dublin 2012 


In 2012, the School of Computer Science in TU Dublin arranged a face-to-face 
meet-up of all female undergraduate students in order to allow this minority group 
to make connections and get to know other women in the school. Additional objec- 
tives were to gain insight into female students’ motivations for selecting Computer 
Science as an area of study in Higher Education; exploring whether their experience 
was a positive one; and understanding how their experience could be improved. As 
a result of the findings from that meet-up, the School of Computer Science devel- 
oped initiatives to increase enrolment of female students on its programmes. A key 
problem encountered was that while Computer Science departments in most Univer- 
sities were putting real effort into gender balance initiatives in technology, each was 
working in isolation from others throughout the country, without sharing the best 
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(and worst) practices that they were discovering. The School of Computer Science 
in TU Dublin (Dublin Institute Technology at that time) addressed this by setting up a 
collaborative network across Computer Science departments nationally. In 2017, they 
co-founded The Irish Network for Gender Equality in Computing (The INGENIC 
Network). This network includes a representative from each School of Computer 
Science (or Computing) across all Universities and Higher Education Institutions 
(HED) in Ireland. The network is a simple but powerful way to enable HEIs to share 
information on their gender initiatives on the basic premise that working together is 
more powerful than working apart. Each representative has been able to highlight 
and share what they have learned on their gender balance journey, providing the 
implementation steps, costing, advice and benefits analysis. In addition to the benefit 
of shared learning, INGENIC has acted as a useful communication platform for 
data collection, with reach into every Computer Science department and Computing 
student in Ireland. INGENIC has also worked as a lobby group for change at govern- 
ment level, a tool for co-operation and information sharing, and a vehicle for attracting 
funding. In 2020, the Network attracted two funding grants to further develop the 
network as a mechanism for change in gender balance in Computing—and to develop 
a best practice toolkit for accelerating gender balance in HEIs. Representatives of 
the network meet three times per year, with hosting of the meet-up rotating around 
the members of the group. Communication is facilitated by an online repository for 
data and documents, and relevant email groups. Over time, peripheral benefits of the 
Network are emerging with wider research co-operation and strong working connec- 
tions increasing across the individuals and Schools within the Network. The set-up 
cost of INGENIC is negligible, with each organisation committing to a represen- 
tative being available for meet-ups and where possible, information gathering. The 
recent funding successes are now geared towards creating a more robust data sharing 
platform, and ongoing administration support for the network. 

A second initiative established by the School of Computer Science is the provision 
of free coding (Computer Programming) workshops for female students from non- 
technology courses, including business, mathematics, biological sciences, law and 
social sciences. This initiative was run in co-operation with the CodeFirstGirls social 
enterprise organisation. In 2016, Dublin Institute of Technology (DIT) (now TU 
Dublin) became the first HEI in Ireland to partner with CodeFirstGirls to facilitate 
free coding courses. Between 2016 and 2019, more than 250 female students within 
DIT attended HTML and/or python courses, in most cases introducing them to coding 
for the first time. 

The School of Computer Science implemented a seven-year programme, titled 
SUCCESS, to recruit and retain female academic staff (McKeever & Lillis, 2019). 
SUCCESS had a four-strand approach: Source, Career, Environment and Support. 
The Source strand explicitly encouraged women to apply for each recruitment drive; 
Career focused on female career and skills development initiatives; Environment 
created a female-friendly culture and reputation, and Support addressed practical 
supports for the specific difficulties experienced by female staff. In an academic 
team of approximately fifty-five full-time equivalents, thirty-six academic staff were 
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female, and half of the senior academic leadership team were female, including a 
female Head of School. 


4.8 Intervention in Focus: Educational Mentoring 


The Equality in Science and Technology by Engaged Educational Mentoring 
(ESTeEM) initiative for female students was pioneered in September 2017. The 
development of the programme was shaped by research that demonstrated that when 
women are mentored by other women, in conjunction with other interventions such 
as gender-inclusive policies, there is a tangible and positive impact on their careers 
both for the short and long term (Lantz-Deaton et al., 2018). Mentoring is even more 
important where women are in work settings that are more male-dominated (Neal 
et al., 2013). Mentoring fosters support and co-operation rather than competition. 
Competition, which can be quite damaging, tends to be present in workplaces where 
the staff are significantly male (Chesler, 2009). 

In 2015, the Organisation for Economic Co-operation and Development (OECD) 
published research about gender equality in education and STEM subjects which 
identified how adolescent girls lacked confidence in their abilities with STEM 
subjects (OECD, 2015). These findings were consistent with research Accenture 
conducted in Ireland and in the UK in 2015 (Accenture, 2015). The OECD report 
also proposed that some of these difficulties for young women in STEM subjects 
are due to a lack of female role models to emulate or look up to; and how a career 
in STEM does not fit into the stereotype of careers women 'should' be pursuing 
(OECD, 2015). 

ESTeEM was designed to address these issues. Female students from Information 
and Communications Technology (ICT) programmes, Engineering programmes, and 
craft apprenticeships would be mentored by women from a related discipline in 
industry. As part of the mentoring, the student participants would develop a broader 
understanding about the range of career paths available as well as details about the 
skills required to be a successful STEM graduate. Since it is not uncommon for the 
numbers of female students in ICT, engineering and apprenticeship programmes to 
below, which can also lead to a decreased retention of female students for a number of 
reasons, ESTeEM has additionally created an opportunity for the TU Dublin students 
to network with other students as well as professionals. Mentees are provided with 
a platform to meet other female students from other programmes which can lead to 
practical peer support while in third level. It is expected that these relationships will 
develop into professional connections during the students’ future careers. Mentees 
are being afforded an opportunity to access a network of role models who are already 
established in their chosen careers; and learn from the insights and connections to 
prepare for the career opportunities and challenges that lie ahead. 

ESTeEM targets two populations: the mentees and the mentors. For the mentors, 
the recruitment with the participating companies commences a month prior to the 
mentee's induction. The mentors are provided with a copy of the Mentor's Handbook 
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and the Mentee’s Handbook. These handbooks review the purpose of the programme 
and provide information about the range of programmes from which the mentees 
come. All mentors are invited to participate in a half-day of skills training prior to 
the first ESTeEM event, and all mentors are asked for details about themselves and 
their careers. This information is collated and provided to the participating students. 
This material enables the mentees to make an informed choice about their mentor 
while also increasing the student’s ‘buy-in’ to the programme. Finally, the students 
who join ESTeEM are asked to provide information about themselves and this is 
provided to their mentor to assist with the first meeting and ice breaking. 

The TU Dublin students are recruited for ESTeEM at the start of the academic 
year. The students who volunteer to join ESTeEM, including returning mentees, are 
invited to attend an induction where an overview of the programme is provided and 
the selection of mentors is initiated. At this meeting, they are provided with the 
Mentee Handbook and students are informed of the requirements, such as how they 
are expected to attend at least four of these events. Mentees who previously have been 
in ESTeEM are offered the option of choosing a new mentor. It has been found with 
this group of students, they value the opportunity to hear alternative perspectives and 
insights from a new mentor; and increase their professional network. 

ESTeEM events are held as lunches during the academic year. Seated at each table 
are three mentors, their mentees (ideally each mentor has two students) and one TU 
Dublin staff member who is the moderator for the table. This set-up facilitates both 
networking and group discussions during the event, with eight to ten people at each 
table. The brief opening remarks start the event and then the main speaker, who is a 
person from one of the participating companies, discusses an agreed upon topic. The 
theme of the events, such as unconscious bias, networking or creating ‘your brand’, 
is kept broad and applicable to the student groups. At the end of each fifteen-minute 
talk, the moderator at each table will lead an activity with the mentors and mentees 
until the end of the event. 

In 2019, when DIT received the Bronze Award for Gender Equity from Athena 
Swan, ESTeEM was selected as the example of best practice. Annually, the feedback 
via surveys to the mentors and mentees continues to be positive. In the words of a 
TU Dublin student: 


ESTeEM was one of my best experiences as a fresher [first year student]. Being shy didn’t 
help me a lot but when I attend the first event it gave me the courage that I need. They 
helped me to come out of my shell, to experiment with new things and to create wonderful 
memories. My mentor wasn’t just a person from a company, it was an entire table of students, 
lecturers and amazing people from industry. 


—ESTeEM participant 
4.9 Intervention in Focus: Challenging Gender Stereotypes 


The College of Sciences and Health is a participant in the Erasmus + funded W- 
STEM project, through which it implemented a one-day workshop for second-level 
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students to celebrate International Women's Day (IWD) 2020. The theme of IWD was 
#EachForEqual and the focus of the workshop called “Let's talk about your dream 
job’ was to raise awareness and challenge gender stereotyping and to consider how 
this can negatively affect the choices young people make about their future higher 
education and career planning. 

The event, which was attended by seventy male and female students from three 
local secondary schools, commenced with activities to explore the students' attitudes 
to gender and stereotyping in various roles and careers. Many students continued to 
associate certain jobs with men or women. This was followed by a panel session, led 
by a TU Dublin Career Development Centre, with four professionals of gender non- 
typical to their field, including a female apprentice carpenter, a female apprentice 
plumber, a female computer scientist and a male primary school teacher. Speaking 
about their experiences, the panel demonstrated that gender is irrelevant in building 
skills in their chosen professions, and despite encountering challenges with bias, 
they spoke of the mentors that helped them along the way. Other activities included 
a talk about how lack of diversity in teams negatively affects innovation and design; 
Policies of inclusivity and the role of men in leading equality in Accenture; TU Dublin 
supports for diversity from the Students Union Vice-President for Student Welfare; 
and an advice session with TU Dublin Director of Equality, Diversity and Inclusion. 
The feedback received from attendees at the event was positive and highlighted the 
importance of students' biases and perceptions being challenged from a young age. 


4.10 Discussion and Conclusions 


During its eleven-year period of existence, the College of Sciences and Health in 
TU Dublin undertook a journey that helped it progress substantially along the path 
of equality, diversity and inclusion (EDI). Over these eleven years, the College 
addressed, to a substantial degree, the gender imbalance at senior levels of its 
academic staff and improved significantly the gender profile of its student cohort. 
The journey commenced by the College will continue into the future, as the EDI 
successes and ongoing challenges of the College may become a starting point for 
the new Faculties that are being developed in TU Dublin. This chapter has outlined 
several important aspects of the journey undertaken and highlighted a small number 
of influential initiatives whose design may serve as an indicator for Universities else- 
where of how interventions can successfully shape the gender profile of a University's 
staff and students. 

A first, important lesson learned from this case study is the value of blending 
cultural and structural change. The everyday culture and lived experiences of staff 
and students, and the structures that form an organisation must both be captured by a 
lens that seeks to understand and address gender issues in an organisation. Changes 
to practice, or even changes to perception of practices, can have a significant impact 
and remove barriers to the satisfaction and progression of staff, and the options 
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taken by students. Strong, focussed leadership from the management throughout the 
University is an important part of achieving cultural change. 

A second lesson relates to the importance of building connections. The interven- 
tions detailed in this case study demonstrate the importance of connections being 
built through networks. Bringing people together to share experience and demon- 
strate support and leadership is an essential aspect of building a culture of belonging 
and inclusiveness. This applies in the case of networks being built internally within 
a University (such as the Women Leadership in Higher Education Network), across 
Universities (such as the Irish Network for Gender Equality in Computing) and 
between Universities and enterprise (such as the Equality in Science and Technology 
by Engaged Educational Mentoring programme). 

The achievement of enhancement in equality, diversity and inclusion is a lengthy 
journey that needs to be nurtured and supported. The progression along this journey 
requires that academic leaders invest time in recognising the weaknesses within 
their organisation and address issues structurally and culturally. Elements of change 
require careful and thoughtful top-down leadership, but initiatives can also be created 
from staff who experience a supportive environment that is welcoming of change. 
Some of the most significant interventions in the College of Sciences and Health 
during the period under consideration arose from individual schools and individual 
staff taking responsibility for enacting change. The ‘Interventions in Focus’ sections 
in this chapter detail several occasions where this type of change was driven from indi- 
vidual experiences in the College of Sciences and Health. These successful initiatives 
can be replicated, built upon, learned from and enhanced in Universities elsewhere. 
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Abstract Achieving gender equality and empowering all women and girls are part 
of the ultimate global challenge (Goal 5 of SDGs). The gender balance in STEM 
education is a challenge that has both horizontal and vertical dimensions. This paper 
focuses only on the first one. Politecnico di Torino, an Italian technical university with 
Engineering and Architectural courses, has a long history of attraction campaigns 
aiming to reduce the gender gap in its engineering enrolment. Despite these efforts, 
more remains to be done for the student population and high-level academic positions. 
During the academic year 2018/19, considering the engineering first-year enrolled 
students (around 4500), 25% were female, and a new innovative project was set, 
“WeAreHERe”. This campaign aims to introduce a new vision to overcome both 
recruitment and retention: the female students become the main actors of the project 
by a guided training that let establish them as fresh role models. The use of social 
media and new technology support this storytelling and reach a variety of Italian girls. 
In this paper, the structure of “WeAreHERe” is described with some data analysis of 
1ts impact. 
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51 Introduction 


Higher education’ attraction campaigns are a complex and structured mixture of 
activities and services devoted to recruitment students and serving the future job 
market. This play becomes even more crucial once it addresses STEM education. 
Here particular attention must be driven to equality, diversity, and inclusion. An 
inclusive attraction to STEM fields gives the basis to make the dream of a balanced 
future with equal opportunities come true. In this paper, we describe the “We are 
HERe” strategy that is in place at Politecnico di Torino, Italy starting from Spring 
2019. This slogan is more than just an attraction campaign. It involves students 
and alumni directly and becomes the training set of young professionals to work 
together and experience the benefit of a balanced work environment. This paper 
aims to highlight the key feature of a successful experience reinforced by qualitative 
analysis. More precisely, we identify as crucial elements to evaluate the impact of 
the campaign the number of enrolled girls, the dropout rate, and the surveys’ results. 

Next paragraph pictures the political and socio-economical context we are in. We 
then describe the “We are HERe" project composition. The results and discussion 
support the theoretical approach used with observations and surveys results. In the 
end, we conclude by describing the future plans. 


5.2 Context 


State of the Art 


One of the goals established to foster a more sustainable world is gender equality, as 
stated in goal 5 of SDGs: “Gender equality is not only a fundamental human right 
but a necessary foundation for a peaceful, prosperous and sustainable world” (United 
Nations, 2019). The gender balance in STEM is part of this challenge, and it has a 
double dimension: horizontal and vertical (Fulcher & Coyle, 2011). Scientists and 
politicians developed many different frameworks regarding the vertical balance to 
study what influences the career in STEM and how to support a balanced environ- 
ment in academia (Bührer et al., 2019; Wolffram et al., 2017) and in the industry 
(Beede et al., 2011; González-González et al., 2018; Lambrecht & Tucker, 2019; 
Sassler et al., 2017). A large-scale longitudinal study in the USA found out that after 
12 years from graduation, around 50% of women had left their job in the STEM 
field. Comparing these figures with the general one, the work shift cannot be linked 
to family factors. 

In contrast, the work environment and the related job characteristics emerged 
as the key features (Glass et al., 2013). However, family factors play a role in the 
recruitment stage because STEM careers are perceived to fight with one's family 
goals (Weisgram & Diekman, 2015). This fact explains why having a woman family 
member in the STEM field favours girls’ STEM interests (Cowgill et al., 2021). 
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Therefore, the horizontal gap represents the crucial “leaky pipeline” that needs to be 
overcome today to support future career changes. 

Looking at the horizontal segregation, it is essential to distinguish recruitment 
from the retention campaign one. The first one refers to reinforcement on the attrac- 
tion of young girls in the field, while the second aims to increase the retention 
of those already enrolled in a STEM and support their entrance into the labour 
market. Those are typically addressed with various strategies, and it is easy to mix 
the two campaigns. Steele has highlighted the importance of “rendering onto the 
right students the right intervention” (Steele & Aronson, 1995). For example, role 
models are valuable and effective in both moments. However, for the recruitment 
phase, it is important to have female role models (Makarova et al., 2019), while for 
retention, one can have both male and female role models to reach the desired goal 
(European Union, 2018). In recruitment, both the intrinsic and extrinsic motivations 
of the women concerning their academic decision have a dominant role. At the same 
time, in retention, the rationale mostly comes from personal stimulus and experi- 
ences. A review on the instruments used to study the gender gap in STEM stated that 
the main variables in these motivations are: influence established by this decision 
and the education path, the related achievements, the recommendations and work of 
parents, the stereotyped ideas they have towards this sector (Verdugo-Castro et al., 
2019). Another factor that one must consider is the attitude towards STEM that can 
be measured by the spatial ability and, in particular, by the mental rotation factor, as 
shown in a longitudinal study of over 50 years (Wai et al., 2009). 

How to translate all this input into a coherent and appropriately effective 
campaign? Many institutions have tried to answer this question through case studies 
(Garcia-Holgado et al., 2019; Politecnico di Torino, 2019), projects (Ballatore et al., 
2020a; García-Holgado et al., 2020a), and events (Wyred, 2019). Currently, attrac- 
tion campaigns use different media to foster a more balanced field, from the more 
traditionalist type (i.e., conferences, speech) to more interactive ones (i.e., summer 
schools, hackathons). Recently the technology has been used to spread the message 
among the youngest easily (Garcia-Holgado et al., 2020b). Although the majority 
tend to forget the importance of increasing the retention of enrolled women, only 
a few experiences have been scientifically analysed (Gomez Soler et al., 2020). In 
general, the emphasis placed directly on the issue of the gender gap during the medi- 
ated strategy and, in particular, during events appears relevant. It is essential to make 
women feel welcome and not to emphasise the vertical dimension of the gender gap 
(ceiling effect, salary mismatch, and so on) in order not to have the opposite effect 
(Drury et al., 2011). 


Local Context 


Politecnico di Torino, an Italian technical university with Engineering and Architec- 
tural courses, has a long history of attraction campaigns aiming to reduce the gender 
gap in its engineering enrolment (Politecnico di Torino, 2002). The first woman 
who graduated in engineering in Italy was at Politecnico di Torino. Her name was 
Emma Strada, and it was in 1908. She was also the founder and the first president 
of AIDA, the Italian Association of Women Engineers and Architects. Despite these 
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efforts, more remains to be done for the student population and high-level academic 
positions. 

Considering the horizontal dimension, in its Strategic Plan “Polito4impact”, 
presented in 2018, Politecnico has included a set of specific objectives to raise 
the average percentage of female students enrolled in the first year of engineering 
programs to over 35% and achieve full gender equality to some degree programs 
by 2024 (Politecnico di Torino, 2018). In that academic year (2018/19), considering 
the engineering first-year enrolled students (around 4600), about 2596 were female, 
higher than the national one (23,8%). For further details, Figs. 5.3 and 5.4 report the 
historical series from 2015/16 to 2020/21. 

Politecnico di Torino establishes a new vision to boost the girls' attraction. Instead 
of organising an unstructured series of events dedicated to young females, the idea 
is to have them as main actors. That is, regarding the retention, to create a female 
network of students in engineering that supports girls in career decisions through their 
testimony and the use of fresh content, proposed through media and new technolo- 
gies. This shift will create "real" and “young” role models and ensure peer-to-peer 
interaction for the recruitment campaign. 


5.3 *WeAreHERe" Campaign 


History 


The university established a completely new structure to reach the ambitious goals 
stated in Politecnico's strategic plan, the Equality 9 PoliTo. This new organisation 
fosters a new vision regarding horizontal segregation: the campaign should be more 
organic, address the target audience correctly and take advantage of social media. To 
do so, it seems essential to directly involve students in the creation of the new strategy. 
Therefore, on the occasion of the women's day (March 8th, 2019), a 24 h hackathon 
among our students was launched, SheHacks @ Polito (Politecnico di Torino, 2019). 
This event was meant to convey the best suggestions for a campaign on these themes 
directly from the students’ population. The winning project was “WeAreHERe”, 
whose double meaning title perfectly reveals the purpose of the new desired vision. 
“We are her" and “we are here" at Politecnico, meaning that the best testimonials for 
enrolling new female students in Engineering are our female students themselves. 
This idea allows the recruitment actions to merge with the retention ones (see Table 
5.1). By training our students, we reinforce our community allowing them to become 
the main actors as mentors of the recruitment stage and indirectly support them in a 
self-awareness path of the unique role they play in the field (retention phase). 


Methodology 


The attraction campaign focuses first on female students in the 14-18 age group. 
Several factors have suggested that such a group might be oriented towards STEM 
studies, but some fears hold back their choice. As an example, the analysis of the 
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Table 5.1 Overview of the campaign (HS: High-school students, BS: Bachelor students, MS: 
Master students) 


Audience Main actor Action 
Contemporary role models 
One-to-one Mentoring program 1-2y. BS MS Retention 
Study support ly. BS MS Retention 
Calls HS + MS Recruitment 
ly. BS Retention 
One-to-many | Daily storytelling on IG Follower 3y. BS + MS | Recruitment 
Retention 
High-school Talk HS Зу. BS + MS | Recruitment 
Retention 
Personality test Follower / Recruitment 
Retention 
Orientation support 
Incoming Summer schools HS Experts Recruitment 
“How to TIL” HS Зу. BS + MS | Recruitment 
“Notte prima del TIL” HS Зу. BS + MS | Recruitment 
Outgoing “AperiSTEM” 3y. BS + Workers Vertical gap 
2y. MS 
Mentoring program 3y. BS + Workers Vertical gap 
2y. MS 
Experiences 
Annual “e.vent” HS + BS + MS | Guests Recruitment 
Retention 
Vertical gap 
Annual “SheHackPoliTo” | BS + MS BS + MS Retention 
“We are HERe meets” ly. BS ly. BS + Retention 
prof 


results of the admission tests showed that even among those students who came within 
a step of enrolling, having passed the test, girls gave up completing the enrollment to 
a much greater extent than boys (30% more). The survey results we yearly propose to 
the young girls immediately after enrolling confirms the same suggestion. Looking 
atthe data collected in fall 2020 (626 girls, 5596 of the first-year engineering females, 
answered the survey), most respondents (48%) started to be interested in STEM at 
the age group 14–18. At the same time, 10% discovered this interest only recently, 
after 18 years old (Fig. 5.1). They identify themselves as the principal guide to their 
choice (64%). In particular, it is of interest that females recognise teachers as an even 
lesser guide (11%) than family (20%) (Fig. 5.2). The results confirmed the finding 
analysed in the literature review (Cowgill et al., 2021; Weisgram & Diekman, 2015) 
and suggested that much can be done to motivate high-school girls further to pursue 
engineering studies. 
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Fig. 5.1 Survey results related to the question “When did your interest toward STEM begin?" 
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Fig. 5.2 Survey results related to the question “Who has most influenced your choice?” 
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Fig. 5.3 Gender distribution from the academic year 2015/16 to 2020/21. Highlighted in red are 
the years in which WeAreHERe is in place 
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Fig. 5.4 Girls distribution from the academic year 2015/16 to 2020/21 at Politecnico di Torino and 
in Italy (Data source http://dati.ustat.miur.it/dataset/immatricolati) 


The key element that characterises the attraction approach of WeAreHERe is to 
focus on experiences rather than formal events. By experiences, we mean events that 
require active participation with interaction and networking activities. We identified 
two main aspects to achieve this goal: the use of liquid communicative language and 
the transmission of content by other female students, perceived as peers. Through 
sharing their stories, via social media and meetings in high schools, as well as, in this 
period of COVID 19, through online events and one-to-one calls, the female students 
of the different engineering courses have become mentors for girls in high school. 
These young and familiar role models question with their testimony the stereotypes 
that represent one of the significant factors that prevent them from pursuing a STEM 
career. From the difficulty of the studies to the male environment, from the lack of 
free time to fearing a narrow work environment, one realises that what prevents girls 
from choosing this type of study often has nothing to do with their existing skills. 

The difficulty in this approach is maintaining the freshness of peer-to-peer contact 
while providing informed content that avoids unconscious biases, like emphasising 
the gender gap and vertical segregation too much (Cowgill et al., 2021). University 
invites girls to become mentors through a general call open to all the Politecnico 
di Torino female students starting from the second year. Then they access special 
training by participating in a series of scheduled meetings. Initially, there are meetings 
with the Equality OPolito staff to raise awareness on gender equality, followed by 
a self-reflection on their experience to break the stereotypes. The second part of 
the training depends on their attitudes as the mentors are divided into two groups: 
one involved directly with high-school girls, while the other with first-year female 
students. In the latter case, the goal is to establish an empowerment community early 
in their engineering studies, which could help prevent the higher observed percentage 
of the first-year dropout among females (Politecnico di Torino, 2020). 

Mentors meet with experienced mentors from the past edition and the external 
agency in charge of the overall campaign to be trained on typical questions and 
appropriate responses. To this end, an in-progress guide written along the first few 
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years of the pilot is also available, collecting practical observations by students. 
Awareness-raising activities on stereotypes and unconscious biases are offered in 
the form of short inspirational videos, whose language aims to avoid pedantry. The 
campaign usually conveys the message through symbols rather than words: a female 
student on a skateboard whose wrist has a tattoo of an equation, a girl in her bedroom 
with a poster of a spaceship, etc. 

WeAreHERe is a mixture of one-to-one and one-to-many peer-to-peer mentoring. 
Indeed, thanks to social media, mentors can show their daily life through Instagram 
stories reaching a broader audience and spending quality time with personal one- 
to-one chats with girls willing to receive more information. Satellite activities that 
work both on the attitude towards STEM careers and the cognitive side surround 
this storytelling: (1) summer schools (Ballatore et al., 20205); (ii) interactive events; 
(iii) personality tests; (iv) study support; (v) career advisor. An annual event was 
established under the name “WeAreHERe e.vent” starting from 2020. It aims to create 
an appointment for all the people involved and interested in gender in STEM topics. 
For more information on how the different activities were structured, one can find 
references on both the website and Instagram channel of WeAreHERe (Politecnico 
di Torino, 2021). 

Under a constructivist quarry, we evaluate this new methodology's impact on the 
target audience through a qualitative and quantitative approach (formal structured 
surveys and observations as well as an analysis of the students' interactions with AI 
tools, designed to detect their verbal impressions and elaborate them (Bethaz et al., 
2020)). 


5.4 Results 


One can gain an insight into the results of the first two years of the project through 
both the enrollment data and the feedback collected in the annual surveys and the AI 
algorithms employed in the interactive events. 

Since now, WeAreHERe has addressed Italian-speaking girls on social media and 
online activities, primarily local high schools for in-class talks. Therefore, we limit 
the population under consideration to this sample. In Fig. 5.3, we report the gender 
distribution relative to the first-year enrollment in engineering in the last six years. 
One can see that two years into the project WeAreHERe (from 2018/19 to 2020/21), 
there is an 896 relative increase in the percentage of engineering enrolment: from 
25,0% to 26,9%. If the trend were to continue, by 2024, almost one-third of total 
engineering enrolment would be female. 

Considering the national trend (Fig. 5.4), the results obtain by the campaign are 
even more evident. In the academic year 2020/21, the girls enrolled in an Italian 
Engineering course were 24,2%, —0,3% than the year before. This trend represents 
an opposite one compared to Politecnico di Torino, which recorded а + 1,5% increase. 
This data confirmed that the aim of WeareHERe is strongly linked to the Politecnico 
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Fig. 5.5 End of first-year dropout rate for each cohort and gender (% on the total for gender) 


di Torino enrollment as it fosters girls to STEM study and precisely to recruit them 
as future students. 

Regarding retention, the dropout occurs mainly during the first year. Therefore, 
to have a clear picture, we consider the students that are still active at the beginning 
of their second year. Since the project started in March 2019, we can observe the 
first actions on the retention in the students’ cohort 2018/2019. Before the project, 
the female dropout rates were about 15%, while now is about 13% (see Fig. 5.5). 

Regarding the survey deserved to females right after enrolment, we compared the 
results of 2019/20 and 2020/21, finding the same trend. Therefore, in this discussion, 
we use the most recent data. The majority of the enrolled, 5796, have already heard, 
mainly via social media (about 40%) and institutional channels (about 40%). Of these, 
20% considered the campaign a crucial factor in their choice. 78% of the enrolled 
female is interested in being supported by a graduate student (mentor) during the 
first year, mainly to receive support for the study, both in content and method, and 
socialising. 

Social media, particularly Instagram, is a solid component of the project with 
about 3200 followers. Looking at the insights available on the app, the average 
stories’ view is 1092, the average like at the posts is 149, and the accounts reached 
by at least one content in the last three months are 421.387. 

The 2020 WeAreHERe e.vent was organised online and saw the participation 
of Sofia Viscardi, a writer, Youtuber, and influencer well known by the youngest 
(Politecnico di Torino and (YouTube channel), 2021). Around 5000 people attended 
the streaming, and until now, the video has achieved more than 30,000 views consid- 
ering Youtube, WeAReHERe and Politecnico di Torino Instagram. А survey was sent 
to all the participants before the event, while we used an AI tool to analyse the trend 
topics. Figure 5.6 shows how young females perceive different conditions concerning 
their career decision. These results confirmed the literature and the survey analysis 
discussed above: personal motivation and fears are more critical than others' opin- 
ions. Figure 5.7 illustrates the words trends and the links between them. “То made" 
was the most used word with both meanings: creating something concrete and making 
new experiences. In (Bethaz et al., 2020), further details on the AI analysis of the 
event are given. 
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Fig. 5.6 Young females” perception of different conditions concerning their career decision 
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A further concrete byproduct is provided by the mentioned in-progress booklet 
prepared by mentors, which collects typical students’ doubts and suggestions and 
is shared with the teaching office to improve the provided information to the whole 
students’ community. 


5.5 Conclusions and Future Plans 


In the mid-term, the project’s central goal is to train a multitude of skills of the female 
students who participate in the activities, such as creativity, scientific storytelling, 
curiosity, respect, and collaboration. They share their doubts and thoughts at large 
about Engineering studies with female students who overcame them. This personal 
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growth translates into greater self-esteem. In the end, it envisages the project’s self- 
sustainability in the formation of a generation of female engineering students aware 
of their choices, who will be able to motivate and be of reference for other female 
students in high school and beyond. In the long term, the project empowers the female 
component at Politecnico di Torino, increasing the gender equality and diversity of 
the whole academic community. 

Covid-19 represented a challenge for the training and the in-person networking 
opportuning. However, thanks to the already in place multiple communication chan- 
nels, we could maintain various activities both for the high-school population and 
university one and propose some new ones. 

In conclusion, WeAreHERe positively impacted recruitment and helped reinforce 
a sense of community inside the female students. Nevertheless, we know that the 
35% goal in the strategic plan is hard to reach by 2024. It is essential to highlight 
that this goal is very challenging. Any engineering university hardly reaches it in 
Europe, especially considering that Politecnico has an overall enrollment of 4600 
students each year. A way to attain the goal is to extend the WeAreHERe attraction 
campaign to international students. This inclusion can be done by using both Italian 
and English for the social media content and having some dedicated mentors from 
countries different from Italy. 

Regarding retention, to understand the added value of this campaign, we need to 
be able to analyse a more extended observation period. Right now, only the first- 
year dropout can be considered and not yet the entire three-year career. In general, 
knowing the crucial role of a gender-friendly environment, WeAreHERe will foster 
the whole students' population to believe in the importance of a more balanced 
world. We will achieve this future plan by promoting male role models that testify 
how together everything is more manageable and better: Balance4Better. 

This positive experience has been shared with South American Universities within 
the “W-STEM: Engaging women into STEM, building the future of Latin America", a 
Capacity Building EU project. The use of fluid and fresh peer-to-peer communication 
to reach a wider audience, with the direct engagement of female students’ as “role 
models" and mentors, is an innovative and creative way to attract and retain females 
in STEM careers that everyone can easily implement in other institutions worldwide. 
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Promoting the Participation of Women ENS 
in STEM: A Methodological View 
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Maria Gabriela Calle, and Sofia García-Barreneche 


Abstract The low participation of women in engineering fields is a common 
problem worldwide. As a result, universities are starting to create plans to attract 
more female students. However, there are no documented methodologies to guide 
institutions in this process. Hence, this chapter describes a method to attract more 
women to STEM programs, using one Latin American university as a case study. The 
procedure starts by establishing a baseline of the student population, using specific 
metrics to determine possible biases in admissions or graduations. The results show 
a small number of registered female students; thus, the method suggests different 
strategies to improve this situation. The next step is proposing activities to empower 
young girls to study engineering, describing indicators developed to evaluate the 
effectiveness of the activities. The case study includes participation from elemen- 
tary, middle, and high school students. Results show that girls and boys participated 
in the proposed activities, and they maintained or improved their motivation to study 
a STEM program. 
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6.1 Introduction 


The low participation of women in STEM careers has been a problem for several 
decades. Reports illustrate this situation since the 1960s (Rossi, 1965; Goldman & 
Hewitt, 1976; Crowley 1977; Rossiter, 1993). Consequently, between 1966 and 1978, 
at least 300 projects were designed in the United States to increase the participation 
and status of women in science, engineering, and mathematics (Aldrich & Hall, 
1980). 

Furthermore, in recent years, the attention devoted to this situation has increased 
due to the relevance of science and technology in daily life and the search for solutions 
to contemporary problems. An example of this relevance is the increase in jobs in the 
STEM area compared to non-STEM areas, where growth is much higher in positions 
related to Computer Science (Zilberman & Ice, 2021). Additionally, STEM salaries 
are higher than other non-STEM careers (Funk & Parker, 2018). 

STEM disciplines play a significant role in creating strategies, policies, and actions 
to achieve sustainable development. Thus, STEM education is vital at all levels, 
especially in primary and secondary education, to develop the capacities that future 
generations require to solve the complex problems they will face (Pahnke et al., 
2019). However, despite this panorama, professionals in STEM careers are very 
scarce in some specialties such as Computer Science, Engineering, and Mathematics 
(NSF 2020). 

Some studies try to determine the reasons for this phenomenon at secondary 
and tertiary education and entering the workforce (Cantillo & Garcia, 2014). Other 
studies, rather than determining the causes of this situation, focus on developing 
strategies, projects, and actions to reverse it at the same levels (Charlesworth & 
Banaji, 2019; General Directorate of Communication Networks, Content & Tech- 
nology of the European Commission, 2013). 

Concerning the causes of this problem, (Charlesworth & Banaji, 2019) provides 
evidence on how gender differences in STEM careers have been explained based 
on individual characteristics, and specific differences in aptitude in mathematical 
competencies (Geary, 1996; Halpern, 1989). On the other hand, some authors argue 
that the historical gender divergences in average mathematical aptitude can be 
explained more by social barriers, especially considering the activation of gender 
stereotypes (Else-Quest et al., 2010; Gray et al., 2019; Hyde & Mertz, 2009; Penner & 
Paret, 2008). However, evidence from recent years indicates that the gender gap 
in performance in mathematics has been narrowing to reach tiny statistical differ- 
ences (Feingold, 1988; Hyde, 2014, 2016; Lindberg et al., 2010; Zell et al., 2015). 
Thus, it is not a question of biological differences, but beliefs regarding mathe- 
matics, what influences performance in mathematical competencies (Hyde, 2016; 
Ceci et al., 2014). Women face barriers related to societal beliefs and expectations 
for women, especially in male-dominated STEM disciplines such as engineering, 
computer science, or the physical sciences (Swafford & Anderson, 2020). 

On the contrary, there is increasing consensus that the factors related to the low 
participation of women in STEM careers are due to psychosocial and cultural factors 
such as gender roles, values, and lifestyle preferences (Ceci et al., 2014). These 
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factors, in turn, are shaped by the sociocultural context in which people live and 
study. From early childhood, people receive social pressures about what roles are 
appropriate. For example, parents expect boys to be competitive, while girls prefer 
community and helping activities (Diekman et al., 2010; Eagly, 1987; Ferriman et al., 
2009; Su et al., 2009; Weisgram et al., 2011). On the other hand, STEM careers seem 
like highly competitive and individualistic environments that value status and power. 
These particularities make women avoid these fields because they are contrary to 
female values (Diekman et al., 2011, 2015). 

Sociocultural characteristics greatly influence all levels of society, specifically 
female high school students who want to start a STEM career. The underrepresenta- 
tion of women in decision-making and STEM-related patents creates a bleak picture. 
It is common to see women in STEM fields in inferior positions, lower salaries, or 
earning the same wage as men but twice the responsibilities. These situations prevent 
improving the quality of employment for females in STEM areas (General Directorate 
of Communication Networks, Content & Technology of the European Commission, 
2013; ECLAC, 2014). In other words, the imaginaries about women's performance 
in science, engineering, and mathematics make it difficult for women to start jobs in 
these fields (World Economic Forum, 2016). 

Consequently, different studies proposed various models of inclusion and social 
representation of women in STEM fields to avoid prejudice or barriers (Aldrich & 
Hall, 1980; General Directorate of Communication Networks, Content & Technology 
of the European Commission, 2013). The initiatives start from preschool (Harris, 
2020), primary (Milgram, 2011), secondary (Kang et al., 2019; Mosatche et al., 2013; 
Prieto-Rodriguez et al., 2020), and tertiary education at undergraduate (Cantillo & 
García, 2014; Smith et al., 2018) and graduate levels (Bekki et al., 2013). Other 
initiatives addressed the problem from the perspective of the organizational culture 
of higher education institutions (HEI) (Furst-Holloway & Miner, 2019) or as part 
of inclusion in the workforce (ASCE, 2021; Matthews nd). Other studies point to 
strategies, policies, or programs at the state level (Foundation, 2008) or directed 
to protecting the rights of underrepresented minorities in STEM careers (Syed & 
Chemers, 2011) such as the Afro-Latino population (1977; Morton & Parsons, 2018) 
indigenous (Stevens et al., 2016) or LGBTQI- (Farrell et al., 2018; Yang et al., 2021), 
among others. 

The recommendations for developing similar initiatives are diverse. For example, 
several experts emphasize the importance of collaboration between STEM programs 
at HEI and schools (González-Pérez et al., 2020; Milgram, 2011; Quigley et al., 
2017). Additionally, some authors point to the importance of making role models 
visible (Herrmann et al., 2016; Math et al., 2012; Olsson & Martiny, 2018) to mini- 
mize the disagreement between the roles in STEM professions and sociocultural 
assumed appropriate roles for women. 

Additionally, some ideas from the guidelines of General Directorate of Commu- 
nication Networks, Content and Technology of the European Commission (2013) 
include using attractive STEM topics for young people and women in particular. 
These topics should be exciting, diverse, challenging, full of opportunities, and prof- 
itable. More ideas involve creating role models through the visibility of influential 
women in the sector, promoting a diversity approach and using inclusive terms, 
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involving more men in the solution of this issue, and prioritizing STEM activities as 
not exclusive to one gender to avoid the bias. 

The literature shows very different initiatives; however, there is no clarity in the 
methodological approach applied in these strategies. Thus, it is difficult to repli- 
cate them, creating limitations to solve the problem. Therefore, this chapter aims to 
describe the methodological approach developed during the execution of the project 
“Building the future of Latin America: engaging women into STEM (W-STEM), 
from here on called Project W-STEM. The project is funded by the European Union, 
under the ERASMUS + call: “Capacity Building in Higher Education Call for 
proposals EAC / A05 / 2017". The project aims to promote the participation of 
women in STEM careers. Section 6.2 shows a brief context of the W-STEM project. 
Then, the chapter illustrates the methodological approach in Sect. 6.3. Section 6.4 
describes the execution of each stage in the Universidad del Norte. Section 6.5 shows 
the main lessons learned and the elements contributing to the project’s sustainability. 
Finally, Sect. 6.6 concludes the chapter. 


6.2 Brief Description of the W-STEM Project 


The problem described in the previous section is a challenge to HEI in Latin America 
(LA). Thus, the situation leads to implementing a cooperation strategy among insti- 
tutions in different regions. The goal of the ERASMUS+ call is to promote the 
development of capacities in HEI through transnational cooperation projects led by 
university networks. These projects strive to strengthen HEI’s management, inno- 
vation, and internationalization capabilities. The primary strategy uses the funding 
priority “Equity, access and democratization of higher education" (García-Holgado 
et al., 2020). 

The W-STEM project built a consortium of five European (Spain, Finland, 
Ireland, Italy, United Kingdom) and 10 LA universities (two for each country: Chile, 
Colombia, Costa Rica, Ecuador, Mexico). The University of Salamanca in Spain 
coordinates the project and interfaces between the EU Commission and the consor- 
tium. The project established the Universidad del Norte (Uninorte) in Colombia as 
support coordinator to facilitate management and communication between the LA 
partners. There is a steering committee with one representative for each partner, in 
which the project coordinator acts as a non-voting secretary. 

The project includes different Work Packages (WP), and each one has a university 
leader and a co-leader. They assign tasks to the partners who participate in each WP 
and organize technical discussions, documents, and deliverables. The project also 
includes Columbus, an association for cooperation between universities in Europe 
and LA, as an external evaluator to guarantee the quality and success of the project. 

The project has partners that receive no funding and play an essential role. One 
of these partners is UNESCO that supports national and international dissemina- 
tion. Additionally, the participant LA universities have partners in high schools that 
support the campaigns for attracting and recruiting women to STEM careers. 
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The project established communication methods and instruments presented in 
periodic management meetings. The meetings allow for verifying the implementation 
of the action plans, preparing the respective minutes, and sending them to the entire 
consortium. 


6.3 Methodological Approach 


The methodological approach proposed in this section uses the conceptualization 
of the WP as a systematic process. Figure 6.1 shows that inputs and outputs aim to 
achieve the project's main objective. The figure illustrates four significant stages: 
definition of the baseline, information analysis, planning, and development. The 
results of each step constitute products that serve as input for the subsequent stage 
and allow for feedback and improvement of the process. The products related to the 
final stage define the project's results, including the analysis of indicators, lessons 
learned, and the sustainability of the actions. The following is a description of the 
methodological stages of the project. 


6.3.1 Baseline 


This stage determines the status of the member institutions regarding women's partic- 
ipation in STEM programs. The stage employs a quantitative self-assessment proce- 
dure and maps the critical processes of this study: attraction, access, advising, and 
retention. Furthermore, each university determines the starting point and defines 
strengths and weaknesses based on this diagnosis. Thus, universities define the 
opportunities for change that will lead to developing action plans to increase the 
participation of women in STEM careers. 


PLANNING DEVELOPMENT RESULTS 


Tamane ases 


OUTPUT/WPUT 


Fig. 6.1 Methodological approach 
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6.3.1.1 Self-Assessment 


In this activity, each institution must collect all the quantitative information relevant 
to the processes under study to obtain data showing a gender gap. Therefore, the 
project designed an evaluation questionnaire (W-STEM Consortium, 2019a), based 
on a subset of the indicator matrix of the SAGA working document developed by 
Ernesto et al. (2018). The application of this questionnaire should result in the self- 
assessment matrix for each institution to help define the baseline indicators for each 
university and the consortium. 


6.3.1.2 Mapping Process 


This activity, which can develop in parallel with the self-assessment, aims at mapping 
the internal processes of attraction, access, advising, and retention of students in 
STEM programs. This mapping will help the institution determine all the steps 
involved in recruiting female students into STEM programs, the main stakeholders 
in the process, and the requirements for introducing changes. 

For this purpose, the project designed a spreadsheet template (W-STEM Consor- 
tium, 2019b). Each institution must record the information associated with every 
process under study, defining the associated sub-processes, the activity description, 
and the responsible offices. 


6.3.2 Analysis 


After each institution determines the current state of women's participation in STEM 
programs, the institution analyzes the information collected to identify the gap, 
which actors are involved, and how to close it. This analysis considers two different 
scenarios. First, within each institution to identify strengths and opportunities for 
improvement. Second, to establish the barriers and challenges to the project as a 
group. Here it is essential to define, through a shared exercise, the guides to establish 
lines of action to achieve the objectives set by the consortium. This stage consists of 
two main activities. 


6.3.2.1 Benchmarking 


The objective of benchmarking is to identify the policies, procedures, and mecha- 
nisms considered good practices in attraction, access, and advising for women in 
undergraduate STEM programs so that other institutions can replicate them. 

The project followed the methodology designed by Columbus for benchmarking 
clubs. Thus, the project created a questionnaire (W-STEM Consortium, 2019c) with 
four sections: description of the good practice, institutional strategies and policies, 
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implementation and sustainability, and future improvements. After identifying the 
good practices, the institutions will socialize them in a group session. 

The project has three Benchmarking sessions. The first one will be during the 
project’s first year to socialize the good practices identified in the baseline stage. 
Additionally, this session will guide the elaboration of the action plan of the institu- 
tions. The other two benchmarking sessions will take place in the second and third 
years of the project. 


6.3.2.2 World Café 


This activity aims to identify policies, strategies, mechanisms, and actions to increase 
the participation of women in STEM programs. The World Café includes a collabo- 
rative dialogue and a group reflection with all consortium members. The institutions 
first share their experiences, then evaluate the main challenges faced in the processes 
of attraction, access, retention, and advising. Moreover, they define the ecosystem 
of strategies, mechanisms, and actions that aim to close the gender gap in STEM 
careers. 


6.3.3 Planning 


At this stage, each university defines the action plan to increase the participation 
of women in STEM programs. The institutions should explain actions to improve 
the processes of attraction, access, retention, and advising. Moreover, it is essential 
to ensure that these actions become policies to guarantee the sustainability of the 
objectives, even after the project ends. The action plans will adjust to the context of 
each participating institution, which will determine the mechanisms and how they 
will measure their achievements. For this purpose, the project designed a format to 
write the action plan for each consortium member. 


6.3.4 Development 


This stage executes all the mechanisms and actions defined in the planning stage. 
Baseline, Analysis and Planning occur in the project's first year. Thus, during the 
following two years, the institutions must develop the activities in the action plan, 
aiming to improve the processes of attraction, access, retention, and advising. Hence, 
specific actions as a consortium point to the design of attraction campaigns, mentoring 
programs, and other efforts to facilitate women’s access to STEM careers. In addi- 
tion, the project includes actions to disseminate the activities and the achievements 
obtained. 
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6.4 Engaging Women into STEM: The Case of Uninorte 


The proposed methodology sets out a systematic process with guidelines, instru- 
ments, tools, and procedures whose application guarantees the achievement of objec- 
tives. Each institution seeks mechanisms and resources according to its context to 
implement the stages based on the proposed structure. This section presents a case 
study of how Uninorte approaches the execution and implementation of the W-STEM 
project from the previously described methodological approach. 


6.4.1 Baseline 


The definition of the current situation proposes implementing two activities that can 
execute simultaneously. The research group at Uninorte decided to perform them 
sequentially, starting with the self-assessment. After achieving significant progress, 
the group developed the process mapping. The main reason for this setup was that the 
first activity required more preparation and a more exhaustive review. The execution 
of these activities is explained below, showing the obtained results. 


6.411 Self-Assessment 


The first step in developing the self-assessment was defining the STEM programs 
participating in the study. In general terms, STEM programs stand between categories 
5 and 7 of the “ISCED Classification” (Instituto de Estadística де la UNESCO, 2013). 
Therefore, Table 6.1 defines the undergraduate programs offered by the Uninorte with 
their respective ISCED code, name, and institution code. 

The next step is to collect the information to fill out the self-assessment matrix 
proposed by the project consortium. The matrix has 26 sections to obtain quantitative 
indicators to measure the gender gap in the STEM programs for 2018 and 2019. 

When analyzing the strategies for constructing the matrix, the first difficulty was 
that information was scattered in various university departments. Hence, the research 
group analyzed the different sections and questions of the matrix to identify 11 major 
categories of questions associated with almost 20 departments that could provide the 
required data. Then, the group requested the information from the graph of relation- 
ships related to the required information (see Table 6.2). At that time, another diffi- 
culty emerged because there were historical records of the information requested in 
most cases, but sometimes this information was not disaggregated for each program. 
Therefore, the group reprocessed the data, requiring more time and resources to 
complete the self-evaluation matrix. Some of the most relevant results of this activity 
are: 
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Table 61 Definition of STEM programs-Uninorte 
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Name ISCED Code ISCED Name Uninorte Code Uninorte 
Earth sciences 0532 Geology GEO 
Mathematics 0541 Mathematics MAT 
Electricity and Energy 0713 Electrical Engineering TEL 
Engineering 
Electronics and Automation | 0714 Electronic engineering IEN 
Engineering 
Motor vehicles, ships, and 0716 Mechanical engineering IME 
aircraft Engineering 
Architecture and town 0731 Architecture and urban ARQ 
planning planning 
Building and civil 0732 Civil and environmental ICI 
engineering engineering 
- - Industrial Engineering IIN 
- = Systems Engineering IST 
Table 6.2. Relationships associated with the required information 
Required information | Office Required Office 
information 
Students and Alumni Planning Office Mobility OCI 
Alumni Office Academic programs 
Academic programs Register Office 
Attraction, access, апа | Planning Office Faculty Faculty development 
enrollment Admission Office Human resources 
Student Financing Planning Office 
Office 
Orientation, retention, | CREE Student Student Financing Office 
and dropout Academic programs Financing Academic programs 
University wellness 
Register Office 
Planning Office 
Scholarships and Student Financing Awards and Academic programs 
financial aid Office Recognition Register Office 
Alliances and Corporate University wellness 
Relations 
Discrimination and Human resources 
sexual harassment 


34.296 of the STEM population are women. IEL, IME, IST, and MAT programs 
have a women population smaller than 2096. The IEN program has female partici- 
pation below 3096. STEM programs have a higher rate of male enrollees and admis- 
sions; thus, the situation is similar in the enrollment phase in seven of the nine STEM 
programs. Additionally, in six of the nine programs, the absorption rate (the ratio 
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between enrolled and registered) is higher for men than for women. Nonetheless, 
the conditional probability of enrollment in a STEM program at Uninorte in 2018 
does not depend upon gender. Therefore, the strategies to be implemented should be 
aimed mainly at the attraction mechanisms to raise the admission numbers to such 
programs. 

Moreover, the process of access to an HEI in Colombia depends on external 
factors such as economic resources, obtaining scholarships, and admission to other 
Universities. Furthermore, the number of female professors teaching first-year STEM 
students is 26.7% of the teaching population at the university, which shows the lack 
of role models or references for girls in their first academic semester. 

The achievements of this activity were first to establish the initial indicators that 
define the gender gap in STEM programs at Uninorte. Second, it created the need 
to conduct similar studies at least every two years to monitor the gap. Currently, 
the group is repeating this first step to obtaining the leading performance indicators 
for 2020 and 2021. Finally, although the university has a robust department that 
oversees the data and relevant information, the managers of these processes suggest 
handling centralized gender statistics allowing them to perform the data analysis 
more naturally and fluidly. 


6.4.1.2 Mapping Process 


The next activity at Uninorte was to map the processes associated with attraction, 
access, recruitment, retention, and advising developed within the institution. To this 
end, the research group designed a template to identify the sub-processes, activities, 
and responsible personnel. This process was simple because all the information 
resides in an easily accessible repository. Additionally, a flow chart documents the 
process and indicates every detail of the activities within each sub-process. 

The process also identifies the stakeholders and their relationships. The responsi- 
bilities belong to a few departments such as Admissions, Marketing, The Office of the 
Registrar, Student Financing Office, academic programs, CREE (Spanish acronym 
for Center of Resources for Academic Success), and Student Affairs. 

The research group identified robust processes for attraction, access and recruiting, 
and retention and advising. The institution has activities to strengthen the attraction 
processes, but there are no different activities for males and females. 

The attraction processes encompass several mechanisms directed toward large 
high school populations, presenting all undergraduate programs differently. Nonethe- 
less, the tools do not show elements to foster more extensive participation of women 
in STEM programs. 

Even with all efforts in access and recruitment, the main obstacle to entering a 
STEM program is the cost of tuition. Thus, the group identified policies for obtaining 
scholarships and financial aid but did not find specific actions to increase women’s 
participation. 

The group also identified vital processes for retention and advising, but only 
related to obtaining good academic performance, regardless of gender. Additionally, 
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the university provides workshops and other activities to foster professional skills in 
students. However, these activities do not consider the students’ programs or their 
main gender problems. 

The mapping process allowed the team to know the processes under study in 
detail. The section also defines the strengths and opportunities for improvement to 
create courses of action. Additionally, by reaching out to the people responsible for 
these processes, the team obtained support to develop activities related to the project. 
Thus, the team expects to achieve future sustainability to get longer impacts. 


6.4.2 Analysis 


This stage includes analyzing all information to define the actions for the following 
stages of the project. Therefore, each institution must analyze and socialize the results 
in the second consortium meeting. This meeting occurred before the end of the 
project’s first year at the W-STEM International Leadership Summit. The stage was 
crucial to identifying the strengths and learning how to face the challenges. The 
following sub-sections describe the associated steps. 


6.4.2.1 Benchmarking 


Benchmarking includes identifying the good practices that can inspire other insti- 
tutions. For this activity, the Uninorte team had previous experience as leader and 
moderator of U-Benchmarking Club: Improving the participation of women in STEM 
programs, organized by Columbus. The team already knew the methodology; thus, 
it could lead the first benchmarking round for the consortium. 

Consequently, the team developed a form based upon the methodology created by 
Columbus. The document has four sections: description of the good practice, institu- 
tional strategies and policies, implementation and sustainability, and future improve- 
ments. The first section describes the type of practice and the expected goals. The 
second section shows if the practice results from an institutional policy or strategy; 
in this case, how the practice contributes to achieving the goals and what resources 
are available. The third section determines how to measure the success of the prac- 
tice and the obtained results regarding learning and improvement. Finally, the last 
section describes how the institution visualizes the practice in the future and the 
actions planned to solve possible obstacles. 

This document was socialized and sent to all the consortium universities; thus, 
they provided all information. The first round of the project benchmarking included 
presenting all this information at the W-STEM International Leadership Summit. A 
total of nine universities (seven LA and two European) presented their good practices 
during this session. Furthermore, another three (all European) presented them during 
the event aimed at university leaders. Finally, three universities (all in LA) expressed 
that they did not have good practices in these areas. 
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The good practice presented by the Uninorte team was the W-STEM Uninorte 
Student Group, a student community devised at the beginning of the project and 
founded in the summer of 2019 as a mechanism of attraction and retention of 
young women in STEM fields. The main objectives of this group are: creating 
a broadcast channel for the W-STEM project, attracting young women to STEM 
careers, providing pertinent information about STEM programs to young women 
in high schools, and raising awareness in the community about the importance 
of gender equity in STEM fields. Additionally, the student group develops the 
following activities: high-school attraction campaigns; robotics, programming, and 
data analysis hotbeds for college and high school students; conferences with 
local/national/international role models; tutoring programs for college and school 
students with former students and teachers; and activities where college students 
share their experiences as STEM students with high school girls. 

As a result of this Benchmarking, the research group concluded that there is no 
statistical difference between LA and European universities regarding the participa- 
tion of women in STEM programs. However, European Universities have a long way 
to go in studies and progress. Additionally, these countries have governmental and 
institutional policies that support these initiatives and actions. On the other hand, 
LA universities socialized robust initiatives that, in most cases, were isolated acts 
not supported by any institutional or governmental policy. Furthermore, this activity 
displayed good practices to replicate in different contexts. 

The project conducted a second round of benchmarking in the second year. For 
this session, the Uninorte team presented the activities developed during the second 
year to promote the attraction of more women to STEM careers. The development 
stage will explain these activities in detail. Moreover, the consortium plans to do a 
final round to socialize good practices at the end of the project. 


6.4.2.2 World Café 


The second activity at the W-STEM International Leadership Summit was the “World 
Café”, a group analysis that uses a brainstorming exercise to establish strategies and 
actions that the consortium institutions can develop to achieve the objectives from 
the Erasmus + W-STEM project. This activity follows a methodology based on 
sharing knowledge to establish possibilities for creative actions through a collabora- 
tive dialogue. Therefore, for guiding the conversation, the team prepared four tables 
with the following subjects: 


1. Public policies and institutional initiatives to promote the participation of 
women in STEM fields. 

2. Institutional policies and strategies to promote the participation of women in 
STEM fields. 

3. Strategies and mechanisms for ATTRACTION and ACCESS of young women 
to STEM careers. 
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4. Strategies and mechanisms for GUIDANCE, RETENTION, AND PROMO- 
TION of scientific careers for women. 


The detailed description of the methodology used in the World Café and the main 
results are described in García Peñalvo et al. (2019). The Uninorte team reflected on 
and appropriated the results of this activity to plan the activities. Some of these are: 


e The importance of 


— Developing long-term policies and plans requires creating mechanisms to 
include gender and STEM components in institutional policies. 

— Measuring the impact of the activities, analyzed, and executed with a gender 
perspective. 

— Raising awareness of the issue. Teach and prepare future leaders to be aware of 
the importance of having greater participation of women in STEM programs. 

— Reaching different stakeholders through social networks. 


e Technological platforms can also help transform policies into actions, especially 
during the pandemic. 

e Economic factors strongly impact women’s access to STEM careers. Therefore, 
more targeted awards, scholarships, and long-term policies are needed. 

e Teachers and families play a crucial role. They should be included in activities to 
promote women in STEM, to eliminate stereotypes and the perception that STEM 
fields are male-dominated. 

• Creation of Groups/Communities and support groups for women in STEM, so 
members participate in seminars, talks, and gender awareness meetings. 


6.4.3 Strategic Planning Process 


For developing action plans aimed at the attraction, access, retention, and orientation 
processes, Uninorte included individual and collective information analysis. The 
analysis encompassed all WPs such as the Self-Assessment on Gender Equality in 
STEM, the Process Mapping of Attraction, Access and Guidance, the Application 
of Self-Assessment Tools, the Analysis report, and the Benchmarking rounds on 
strategies and mechanisms. 

For planning, the team employed the methodology established by the project to 
formulate the plan, including creating improvement objectives and the actions for 
achieving them- The first step was to analyze the current state of the three processes 
in the institution and discuss macro strategies that served as inspiration for the formu- 
lation of the objectives. The second step was defining actions to achieve the goals, 
displaying them in a matrix that mapped the activities to the purposes. Finally, the 
team assigned the people responsible for each step. 

The research group formulated the action plan to achieve the following goals 
focused on STEM programs. 
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Attraction: To increase the number of female students, the team established the 
following actions. 


• Develop awareness days with directors of partner schools about the problem of 
participation of women in STEM careers to obtain a commitment to support the 
campaigns to be carried out within their institutions. 

e Develop a training session with vocational counselors and science and technology 
teachers from partner schools to show STEM careers and their importance in the 
development of society. 

e Design and implement campaigns aimed at senior students at the partner schools, 
particularly women, to recognize STEM programs as options for university study 
and professional life. 

Access: To create mechanisms for assuring recruitment, the actions were: 

Hold meetings with administrative offices (admissions, graduates, fundraising, 
among others) to discuss, reflect, and propose strategies to facilitate and support 
women’s access. 

e Analyze the structure required (financial and operational) to propose a scholarship 
in STEM undergraduate programs aimed at candidates who need funding. 


Retention and Guiding: to establish mechanisms for monitoring and to advise 
students from the first year, including: 


• Develop a focus group with students of the primary cycle to know the main 
academic barriers for their student success. 
e Design and implement an activity to support students’ success in their basic cycle. 


6.4.4 Development 


6.441 Attraction and Recruitment Campaigns 


According to the methodological approach, the next stage consisted of developing 
the attraction campaigns following two principles according to the literature: Joint 
university-school work and visualization of female STEM role models. 

The target population of the attraction campaigns was senior secondary educa- 
tion students in the region, so they know the women who work in STEM and their 
contributions to the industry, academia, and civil society (Garcia-Ramos et al., 2021). 
Additionally, the campaigns provided information on the different possibilities for 
women when choosing a STEM career and the skills and abilities required. Although 
the attraction campaigns were designed for girls, due to the COVID pandemic, the 
participation was open to all students. The main campaign subjects were W-STEM 
Cinema, Computer Workshops, and Role Models in STEM. 


W-STEM Cinema 


The first activity consisted of a cinema forum; a space created to reflect on the role 
of women in STEM through the film industry. The sessions included: 
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Hidden Figures: This activity highlighted the qualities and attitudes of the lead 
characters, which allowed them to succeed despite the double discrimination in the 
60 s. 

Shakuntala Devi, “The Human—Computer”: This work recounts the exciting life 
of the Indian mathematician and writer who, without any formal education, achieved 
multiple feats by performing mathematical calculations. 

Let’s talk about the girls of The Big Bang Theory: The stereotypes about men 
and women were analyzed, especially the evolution of the central female character 
who starts as the stereotype of a dumb blonde girl and later becomes an empowered 
woman and friend of female scientists. 

Interstellar: the activity analyzed the protagonism of science and technology and 
the varied and positive female roles. 


Programming Workshops 


The research group organized several workshops to motivate students to develop 
and strengthen their computational skills because they are essential in any work, 
especially in STEM fields. The workshops were: 

Code.org: the activity presented the Code programming learning platform that 
uses a didactic and playful format to fulfill the educational needs of primary and 
secondary students. 

PSelnt: this workshop introduces this educational tool, very popular in universities 
in LA and Spain, to learn programming fundamentals in a pseudo interpreter. 

Java: this seminar introduced the programming language and its importance in 
the software industry through didactic and straightforward examples. 

Python + Colab: this workshop introduces the Python programming language on 
the Colaboratory platform. 


Role models and empowerment 


One good practice was to promote empowerment through role models in STEM to 
show students a greater diversity of a woman’s roles. In addition, this campaign aims 
to empower STEM women in their different fields of action. The campaign includes 
the following presentations: 

Investigating Biomass energy to mitigate climate change: The presenter was 
a female researcher with the Biomass Energy with Carbon Capture and Storage 
(BECCS) line of the Tyndall Centre for Climate Change Research (United Kingdom). 
She shared the results of her doctoral thesis. 

Renewable Energies, management of a photovoltaic solar energy project: a young 
female engineer presented this webinar, showing her role as manager in constructing 
a self-generating solar farm. 

From girl to engineer: This activity consisted of a series of talks to highlight the 
work of several award-winning STEM women in their areas. Each woman presented 
her life stories from childhood to her professional life, showing the skills that allowed 
her to achieve her goals. 

Women in Engineering W-STEM + WIE: Four female engineers presented their 
perspectives and experience to high-school and university students. 
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Colombian Women in STEM: This activity invites Colombian women who stand 
out internationally to share their STEM experiences with the viewers. 

STEM and its magical world: the group organized activities exclusively for high- 
school students as the schools gradually resumed their presence in the classroom. 
In this case, senior students from STEM programs talked to school students about 
STEM careers. 


Monitoring of activities 


To keep track of the attendance at each event, participants had to register before 
starting each activity, and they answered one question about their interest in studying 
a STEM program. Then, at the end of some events, the group asked attendees the same 
question to determine if the activities changed the students’ perception. Table 6.3, 
Figs. 6.1 and 6.2 show the participation achieved in the campaigns and the students’ 
perception before the event. 


Table 6.3 Registered and participated students in the attraction campaigns 


Campaign Students register Students participant STEM careers interest 
before Total responses 

Cinema W-STEM |85 53 63 

Programming 557 303 530 

workshops 

Role models and 179 116 133 

empowerment 

Total 821 472 726 


75% 


50% 


25% 


Cinema W-STEM Programming workshops Role models and empowerment 


0% 


El Female students registered El Male students registered 
tem 


E Female students who participated a Male students who participated 


Fig. 6.2 Students registered and participated in the attraction campaigns 
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Fig. 6.3 STEM careers interest before the attraction campaigns 


Table 6.4 Perception of the students post attraction campaigns 


STEM careers interest after 

Total Yes Not sure No 
Female 69 41 59,4296 16 23,1996 12 17,3996 
Male 16 15 93,75% 1 6,25% 0 0% 


Table 6.3 shows that 58% of the participants are women. Additionally, Figs. 6.2 
and 6.3 show that 39% of women and 30% of men stated they had considered studying 
а STEM program. However, 5% of the male attendees said they were not interested in 
aSTEM program, in contrastto women, whose responses reached 17%. This situation 
may reflect a perception influenced by gender stereotypes in STEM careers, where 
the possibility of choosing a profession of this type is perceived as more appropriate 
for men. 

Finally, Table 6.4 presents the survey results at the end of some events. Unfortu- 
nately, due to logistical issues, the group could not apply it in all the events, nor did 
all the students respond. Nonetheless, Table 6.5 shows that the percentage of women 
who showed interest is 59%, while the ratio of men is 94%. The result is encouraging 
because it offers a surprisingly high rate for female students. 


6.4.4.2 MentorADA 


The Uninorte team created the MentorADA mentoring program to form a support 
network for guidance and advice for students of STEM careers. Additionally, the 
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Table 6.5 Comparison of Program Total First | Female First | MentorADA 
program students and : 
: semester semester First-year 
registered students for 
MentorADA IEL 5 2 3 
IEN 20 4 5 
MAT and Data | 13 5 3 
Science 
IME 23 1 
IST 43 10 
Total 104 22 22 


program aims to support students in their adaptation process to the university to 
feel represented and comfortable with their choice. The program’s name main- 
tains the principle of making visible female role models who have contributed to 
STEM, particularly as a tribute to the mathematician Ada Lovelace, a visionary 
of computer programming (Carlucci Aiello, 2016). The MentorADA program is 
directed to students from the STEM programs with lower participation of women 
and includes the following stages. 


Team building 


The first step was to define the target population of the MentorADA program, first- 
year female students from STEM programs with less female participation: IST, IME, 
TEL, and IEN. MentorADA also included a recently created STEM program: MAT 
and Data Science. 

The second step was to identify outstanding students, professors, and graduates 
in the STEM disciplines and send invitations to participate in the mentoring group. 
Currently, the group has four mentors (professors and alumni) and 14 senior mentors 
(senior undergraduate students). The MentorADA team includes 21 people counting 
the W-STEM project staff. 


Planification of MentorADA 


The MentorADA team devised the structure of the network and the role that each 
member would play. For this purpose, one mentor per program should provide a 
global vision and create spaces for learning specific aspects of the program and the 
short- and medium-term skills required. The mentor should also identify possible 
misconceptions that may hinder the mentees’ performance. 

Additionally, the senior mentors will accompany the students to integrate into the 
university. These are senior students with good academic performance and working 
with various student groups. The senior mentors would also support the execution of 
specific activities of the mentors and provide personalized follow-up to the mentees 
assigned to them. 
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Fig. 6.4 First semester 82 male students 
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Training 


After defining the team structure, functions, and program guidelines, the team set up 
training workshops for mentors and project staff. Professionals from Student Affairs 
at Uninorte conducted the workshops developing the most critical topics to allow 
mentors to perform their work in the best way. The training included four thematic 
axes: mentoring, emotions, empowerment, and leadership. 


Preparation and execution of the action plan 


Based on the established guidelines, the training, and their own experience, each 
mentor developed their work plan, reviewed and approved by the project staff. Next, 
the staff opened enrollment for first-year students of the identified programs. To 
disseminate the call for mentees, the team used mass mailings and posts on social 
media accounts. Furthermore, the team selected the first-semester course of each 
engineering program and visited the class to inform students about the MentorADA 
program and its benefits. Table 6.5 and Fig. 6.4 show the data of new students in 
addition to those who joined the MentorADA program. The table shows that the 
MentorADA program attracted most first-year female students. 


6.4.4.3 Activities to Support Access to STEM Programs 


The initiatives that best contribute to the access of young women to STEM careers 
at Uninorte are: 

The creation of the Marvel Moreno scholarship to honor Barranquilla writer 
and outstanding woman in Colombian literature. The scholarship aims at high 
school women from the Colombian Caribbean region with exceptional academic 
performance during their secondary education. The applicants must be interested in 
studying MAT, ICI, IST, IME, IEL, and IEN, among other programs. The Marvel 
Moreno scholarship applies to young people of any socioeconomic level, preferably 
with economic difficulties to access university. 
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The structuring of a new scholarship, to be called W-STEM. The Uninorte team 
is currently studying this scholarship. The idea is to expand the opportunities for 
access exclusively to STEM careers for young people with economic difficulties but 
with outstanding academic performance in high school and motivation to study these 
programs. 


6.4.4.4 Dissemination 


The student group constantly carries out dissemination activities open to the univer- 
sity community and other interested parties. These activities deal with issues of 
gender equality to construct a more equitable society. Additionally, the activities 
create spaces for students to develop their soft skills and provide them with content 
informing them on gender issues. 

This semester the group focused on using social networks (especially Instagram) 
to make more attraction and dissemination campaigns. The main reason was that 
the group could reach many more students in the region with graphic and audio- 
visual tools or content. Through the W-STEM Uninorte account, the group shared 
illustrative posts about pioneer women who have changed the world. The group 
also addressed related topics and highlighted the importance of diversity and female 
participation in STEM. This account also shares announcements of scholarships and 
national and international opportunities in STEM fields. 

Additionally, the group recommends books and movies where the lead charac- 
ters are women in STEM. Furthermore, the group provides tools that can be useful 
in their path as STEM students in college. Another type of dissemination activity 
is workshops, ranging from programming and software management to emotional 
intelligence and leadership. 

The group has become a support network for students to share their experiences 
and learning. In case of needing professional help, the team makes the referral to 
the relevant entities of the university, such as the team of psychologists of Student 
Affairs and the academic program coordinator. 


6.5 Discussion 


6.5.1 Lessons Learned 


The first big lesson is to value the importance of data and information as a measure 
of performance and analysis to detect the gap and identify the mechanisms to close 
1t. This lesson helped establish appropriate indicators to measure the processes from 
a gender perspective. Thus, the research group took the first steps to start measuring 
and analyzing data to develop a gender equality policy, starting with STEM programs 
but reaching all institution levels. 
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The second lesson learned was that the research group is not alone. The best 
results are achieved by involving those responsible for the processes under study 
and showing the benefits of approaching their activities from a gender perspective. 
Thus, identifying internal strategic partners to support the project’s development and 
to become future managers of the activities allows the sustainability of policies to 
close the gender gap in STEM programs over time. 

Another lesson is the importance of networks or working communities to reflect 
and share experiences adapted to different contexts. 

A further lesson learned is the importance of obtaining the support and commit- 
ment of institutional leaders to enable the implementation of more initiatives and 
obtain the necessary financial aid. One strategy to get this support is raising aware- 
ness in the institutional leadership about the problem. Additionally, the leadership 
must know about the benefits of increasing the population of women in STEM areas 
to the institution, the city, the region, and the country. Finally, it is also possible to 
seek strategic business allies for financial support. 

A possible bias of the study is related to the profile of the participating students: 
did they attend the activities because they already had a prior interest? Did the project 
manager reach students who did not consider STEM careers among their options? 
Did it change their perception of these disciplines? All these questions should be 
answered with the evaluation instruments; however, the post-activity response rates 
were meager; therefore, no generalizations can be made about the results. To deal 
with this situation, strict planning of the activities should include a time margin to 
answer the evaluation instruments as part of the activity developed. 


6.5.2 Sustainability 


The project’s sustainability relates to an institutional culture of support and encour- 
agement for the access and permanence of young women in STEM programs. 
This culture employs policies, strategies, and procedures for attraction, recruitment, 
admission, advising, and permanence. 

Uninorte has formulated strategies and developed initiatives and activities for 
these processes. The most important of them are: 

The attraction, dissemination, and mentoring campaigns motivate young people 
from schools, Uninorte, and other universities in the region and the country. Every 
day more and more young people are involved in these campaigns. 

Institutional scholarships, such as Marvel Moreno and the future W-STEM 
scholarship. 

Creation and consolidation of the W-STEM student group, which serves as a 
model for the involvement and commitment of young women in these initiatives. 

With similar initiatives and activities incorporated into the daily routine of 
academic life, the W-STEM project becomes an integral part of the institution’s 
educational offerings, guaranteeing the project’s sustainability. 
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6.5.3 Limitations 


One of the main limitations in carrying out the activities in the schools was the 
reduced response of school principals to the calls. With the abrupt changes in teaching 
modalities during Covid confinement, some school principals claimed to be over- 
whelmed with the new demands and therefore declined to participate. Addition- 
ally, students also suffered consequences of these abrupt changes, aggravated by the 
limited connectivity, even within the urban area. This situation defined the activities’ 
schedules; initially, they were planned in the mornings within the school schedule, 
but student participation was meager. The results could be very different if the project 
included activities with the teachers who directly contact the students. Undoubtedly, 
achieving teacher engagement will increase the impact of the project. 

Due to the low response rate from school principals, the project staff used other 
communication channels such as contacts from the most used social networks such 
as Instagram and networks of friends through Whatsapp. Although these networks 
were very effective in some cases, there is a possible bias in the participants as they 
come from a direct or indirect relationship with the project staff. The challenge, in 
this case, is to make broader calls that include a variety of student profiles. 

Another limitation in developing the attraction campaigns and implementing the 
MentorAda program was not having enough budget. Therefore, these activities were 
developed with the resources available locally by each university, which in some cases 
were very limited. To minimize this situation, Uninorte sought strategic partners 
within the institution to support the program's implementation. Also, the savings 
obtained by implementing online activities made it possible to reduce the effects of 
the reduced budget. However, despite having mitigated this limitation, the financial 
resources play a key role in sustainability. 


6.6 Conclusion 


One of the most significant achievements of the W-STEM project at the consortium 
level is the integration achieved between universities in two world regions. Specif- 
ically, Europe and LA are dissimilar in some aspects but share, in some countries, 
situations of inequality in terms of the gender gap in STEM careers. For Uninorte, 
the methodology developed has allowed the achievement of the goals established in 
each phase of the project; the main results are the following: 

The project promoted reflection about policies, mechanisms, and strategies in 
attracting, accessing, and advising women in STEM programs. This way, the insti- 
tution can improve and adapt them to the specific circumstances of the Caribbean 
region. 
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Forming the W-STEM student group contributes to disseminating strategies for 
attracting young people to STEM programs and offers a space for support and coun- 
seling to those interested in these fields; this good practice will be replicated in other 
consortium members. 

The team developed activities, tools, and support materials to foster the interest 
and motivation of high-school girls in STEM careers. 

To support the orientation process of women in the first year of higher education 
in STEM programs, the team formed a group of mentors with female teachers and 
students in their final year of STEM programs. 

The project has obtained comprehensive visibility, interest, and importance within 
Uninorte and in the Colombian Caribbean Region due to the activities developed for 
the three processes. 

The activities and programs developed (attraction and recruitment campaigns, 
dissemination, scholarships) and in development (mentoring) and the currently 
active student group contribute to the project’s sustainability once the ERASMUS 
+ program funding ends. Moreover, the Uninorte team expects that the W-STEM 
project will contribute to reducing the gender gap in STEM careers in the Colombian 
Caribbean region. 


Acknowledgements With the support of the Erasmus+ Programme of the European Union in its 
Key Action 2 “Capacity-building in Higher Education”. Project W-STEM “Building the future 
of Latin America: engaging women into STEM" (Reference number 598923-EPP-1-2018-1-ES- 
EPPKA2-CBHE-JP). The content of this publication does not reflect the official opinion of the 
European Union. Responsibility for the information and views expressed in the publication lies 
entirely with the authors. 


References 


Aldrich, M., & Hall, P. (1980). American Association for the Advancement of Science. Office of 
Opportunities in Science (1980) Programs in Science, Mathematics, and Engineering for Women 
in the United States: 1966-1978. 

American Society of Civil Engineers—ASCE. (2021). Diversity, Equity & Inclusion. https://www. 
asce.org/topics/diversity-equity-inclusion. Accessed 29 Nov 2021. 

Bekki, J. M., Smith, M. L., Bernstein, B. L., & Harrison, C. (2013). Effects of an online personal 
resilience training program for women in stem doctoral programs. JWM, 19. https://doi.org/10. 
1615/JWomenMinorScienEng.2013005351. 

Cantillo, V., & Garcia, L. (2014). Gender and other factors influencing the outcome of a test to 
assess quality of education in civil engineering in Colombia. Journal of Professional Issues in 
Engineering Education and Practice, 140, 04013012. https://doi.org/10.1061/(ASCE)EI.1943- 
5541.0000194. 

Carlucci Aiello, L. (2016). The multifaceted impact of Ada Lovelace in the digital age. Artificial 
Intelligence, 235, 58—62. https://doi.org/10.1016/j.artint.2016.02.003. 

Ceci, S. J., Ginther, D. K., Kahn, S., & Williams, W. M. (2014). Women in academic science: A 
changing landscape. Psychological Science in the Public Interest, 15, 75—141. 

Charlesworth, T. E., & Banaji, M. R. (2019). Gender in science, technology, engineering, and 
mathematics: Issues, causes, solutions. Journal of Neuroscience, 39, 7228-7243. 


122 L. Garcia-Ramos et al. 


Crowley, M. Е. (1977). Women and minorities in science and engineering. National Science 
Foundation. 

Diekman, A. B., Brown, E. R., Johnston, A. M., & Clark, E. K. (2010). Seeking congruity between 
goals and roles: A new look at why women opt out of science, technology, engineering, and 
mathematics careers. Psychological Science, 21, 1051-1057. https://doi.org/10.1177/095679761 
0377342. 

Diekman, A. B., Clark, E. K., Johnston, А. M., et al. (2011). Malleability in communal goals and 
beliefs influences attraction to stem careers: Evidence for a goal congruity perspective. Journal 
of Personality and Social Psychology, 101, 902—918. https://doi.org/10.1037/a0025199. 

Diekman, A. B., Weisgram, E. S., & Belanger, A. L. (2015). New routes to recruiting and retaining 
women in STEM: Policy implications of a communal goal congruity perspective. Social Issues 
and Policy Review, 9, 52-88. 

Eagly, A. H. (1987). John M. MacEachran memorial lecture series; 1985. Sex differences in social 
behavior: A social-role interpretation. 

ECLAC, United Nations. (2014). Compacts for equality: towards a sustainable future. United 
Nations, Santiago, Chile. 

Else-Quest, N. M., Hyde, J. S., & Linn, M. C. (2010). Cross-national patterns of gender differences 
in mathematics: A meta-analysis. Psychological Bulletin, 136, 103. 

Ernesto, F. P., Anathea, B. L., Alessandro, B., & Kim, D. (2018). Measuring gender equality in 
science and engineering: the SAGA survey of drivers and barriers to careers in science and 
engineering. UNESCO Publishing. 

Farrell, S., Guerra, R. C., Longo, A., & Tsanov, R. (2018). A Virtual community of practice to 
promote LGBTQ inclusion in STEM: Member Perceptions and Community Outcomes. In: ASEE 
Annual Conference. 

Feingold, A. (1988). Cognitive gender differences are disappearing. American Psychologist, 43, 95. 

Ferriman, K., Lubinski, D., & Benbow, C. P. (2009). Work preferences, life values, and personal 
views of top math/science graduate students and the profoundly gifted: Developmental changes 
and gender differences during emerging adulthood and parenthood. Journal of Personality and 
Social Psychology, 97, 517. 

Foundation, N. S. (2008). Broadening participation at the National Science Foundation: A 
framework for action. 

Funk, C., & Parker, K. (2018). Women and men in STEM often at odds over workplace equity. 

Furst-Holloway, S., & Miner, K. (2019). ADVANCEing women faculty in STEM: Empirical find- 
ings and practical recommendations from National Science Foundation ADVANCE institutions. 
Equality, Diversity and Inclusion: An International Journal, 38, 122—130. https://doi.org/10. 
1108/EDI-03-2019-295. 

García Pefialvo, F. J., Bello, A., Domínguez, Á., & Romero Chacón, R. M. (2019). Gender Balance 
Actions (pp. 31-41). Results from a World Café Conversation. Education in the knowledge society. 

García-Holgado A, Mena J, García-Pefialvo, F. J. et al. (2020). Gender equality in STEM programs: 
a proposal to analyse the situation of a university about the gender gap. In: 2020 IEEE Global 
Engineering Education Conference (EDUCON). IEEE, pp. 1824-1830. 

García-Ramos, L., Рећа-Ваепа, R., & García-Holgado, A. et al. (2021). Empowering young women 
in the caribbean region in stem. In: 202] IEEE Global Engineering Education Conference 
(EDUCON). IEEE, pp. 1087-1092. 

Geary, D. C. (1996). Sexual selection and sex differences in mathematical abilities. Behavioral and 
Brain Sciences, 19, 229—247. 

General Directorate of Communication Networks, Content and Technology of the Euro- 
pean Commission. (2013). Women active in the ICT sector—Publications Office of the 
EU. https://op.europa.eu/en/publication-detail/-/publication/9 153e169-bd6e-4cf4-8638-79e2e9 
82b0a3. Accessed 29 Nov 2021. 

Goldman, R. D., & Hewitt, B. N. (1976). The Scholastic Aptitude Test" explains" why college men 
major in science more often than college women. Journal of Counseling Psychology, 23, 50. 


6 Promoting the Participation of Women in STEM ... 123 


González-Pérez, S., Mateos de Cabo, R., & Sáinz, M. (2020). Girls in STEM: Is it a female role- 
model thing? Frontiers in Psychology, 11, 2204. 

Gray, H., Lyth, A., McKenna, C., et al. (2019). Sex differences in variability across nations in reading, 
mathematics and science: А meta-analytic extension of Baye and Monseur (2016). Large-Scale 
Assess Educ, 7, 2. https://doi.org/10.1186/s40536-019-0070-9. 

Halpern, D. F. (1989). The disappearance of cognitive gender differences: What you see depends 
on where you look. American Psychologist, 44, 1156-1158. https://doi.org/10.1037/0003-066X. 
44.8.1156. 

Harris PL-S. (2020). Creating Interest in STEM for African American Girls by Implementing a 
STEM Preschool Program. PhD Thesis, Northcentral University. 

Herrmann, 5. D., Adelman, R. M., Bodford, J. E., et al. (2016). The effects of a female role model 
on academic performance and persistence of women in STEM courses. Basic and Applied Social 
Psychology, 38, 258-268. 

Hyde, J. S. (2014). Gender similarities and differences. Annual Review of Psychology, 65, 373-398. 
https://doi.org/10.1146/annurev-psych-010213-115057. 

Hyde, J. S. (016). Sex and cognition: Gender and cognitive functions. Current Opinion in 
Neurobiology, 38, 53—56. https://doi.org/10.1016/j.conb.2016.02.007. 

Hyde, J. S., & Mertz, J. E. (2009). Gender, culture, and mathematics performance. Proceedings of 
the National Academy of Sciences, 106, 8801-8807. https://doi.org/10.1073/pnas.0901265 106. 

Instituto de Estadística de la UNESCO. (2013). Clasificación Internacional Normalizada de la 
Educación (CINE) 2011, Revisión 2. Instituto de Estadística de la UNESCO. 

Kang, H., Calabrese Barton, A., Tan, E., et al. (2019). How do middle school girls of color develop 
STEM identities? Middle school girls’ participation in science activities and identification with 
STEM careers. Science Education, 103, 418—439. 

Lindberg, S. M., Hyde, J. S., Petersen, J. L., & Linn, M. C. (2010). New trends in gender and 
mathematics performance: A meta-analysis. Psychological Bulletin, 136, 1123-1135. https:// 
doi.org/10.1037/a0021276. 

My Fair Physicist? Feminine Math and Science Role Models Demotivate Young Girls - Diana 
E. Betz, Denise Sekaquaptewa, 2012. https://doi.org/10.1177/1948550612440735. Accessed 29 
Nov 2021. 

Matthews, K., Why is Diversity in Engineering a Major Opportunity? - ASME. https://www.asme. 
org/topics-resources/content/why-is-diversity-in-engineering-a-major-opportunity. Accessed 30 
Nov 2021. 

Milgram, D. (2011). How to recruit women and girls to the science, technology, engineering, and 
math (STEM) classroom. Technology and Engineering Teacher, 71, 4. 

Morton, T. R., & Parsons, E. C. (2018). # BlackGirlMagic: The identity conceptualization of Black 
women in undergraduate STEM education. Science Education, 102, 1363-1393. 

Mosatche, H. S., Matloff-Nieves, S., Kekelis, L., & Lawner, E. K. (2013). Effective STEM programs 
for adolescent girls: Three approaches and many lessons learned. Afterschool Matters, 17, 17—25. 

Olsson, M., & Martiny, S. E. (2018). Does exposure to counterstereotypical role models influence 
girls’ and women's gender stereotypes and career choices? a review of social psychological 
research. Frontiers in Psychology, 9, 2264. https://doi.org/10.3389/fpsyg.2018.02264. 

Pahnke, J., O'Donnell, C., & Bascopé, M. (2019). Using science to do social good: STEM education 
for sustainable development. Position paper developed in preparation for the second “International 
Dialogue on STEM Education" (IDoS). Proceedings of the Second "International Dialogue on 
STEM Education" (IDoS), Berlin, Germany, pp. 5-6. 

Penner, A. M., & Paret, M. (2008). Gender differences in mathematics achievement: Exploring the 
early grades and the extremes. Social Science Research, 37, 239—253. https://doi.org/10.1016/j. 
ssresearch.2007.06.012. 

Prieto-Rodriguez, E., Sincock, K., & Blackmore, K. (2020). STEM initiatives matter: Results from 
a systematic review of secondary school interventions for girls. International Journal of Science 
Education, 42, 1144—1161. https://doi.org/10.1080/09500693.2020.1749909. 


124 L. Garcia-Ramos et al. 


Quigley, C. F., Него, D., & Jamil, F. M. (2017). Developing a conceptual model of STEAM teaching 
practices. School Science and Mathematics, 117, 1-12. https://doi.org/10.1111/ssm.12201. 

Rossi, A. S. (1965). Women in science: Why so few? Science, 148, 1196-1202. https://doi.org/10. 
1126/science.148.3674.1196. 

Rossiter, M. W. (1993). The matthew matilda effect in science. Social Studies of Science, 23, 
325-341. https://doi.org/10.1177/030631293023002004. 

Smith, J. L., Handley, I. M., Rushing, S., et al. (2018). Added benefits: How supporting women 
faculty in STEM improves everyone's job satisfaction. Journal of Diversity in Higher Education, 
11, 502—517. https://doi.org/10.1037/dhe0000066. 

Stevens, S., Andrade, R., & Page, M. (2016). Motivating young native American students to pursue 
STEM learning through a culturally relevant science program. Journal of Science Education and 
Technology, 25, 947-960. https://doi.org/10.1007/s10956-016-9629-1. 

Su, R., Rounds, J., & Armstrong, P. I. (2009). Men and things, women and people: A meta-analysis 
of sex differences in interests. Psychological Bulletin, 135, 859—884. https://doi.org/10.1037/a00 
17364. 

Swafford, M., & Anderson, R. (2020). Addressing the gender gap: Women's perceived barriers to 
pursuing STEM careers. Journal of Research in Technical Careers, 4, 61—74. 

Syed, M., & Chemers, M. (2011). Ethnic minorities and women in STEM: Casting a wide net to 
address a persistent social problem. Journal of Social Issues, 67, 435-441. https://doi.org/10. 
1111/j.1540-4560.2011.01708.x. 

The State of U.S. Science and Engineering 2020 | NSF - National Science Foundation. https://ncses. 
nsf.gov/pubs/nsb20201/. Accessed 29 Nov 2021. 

Weisgram, E. S., Dinella, L. M., & Fulcher, M. (2011). The role of masculinity/femininity, values, 
and occupational value affordances in shaping young men's and women's occupational choices. 
Sex Roles, 65, 243—258. https://doi.org/10.1007/s11199-011-9998-0. 

World Economic Forum. (2016). The Future of Jobs: Employment, Skills and Workforce Strategy 
for the Fourth Industrial Revolution. 

W-STEM Consortium. (2019а). W-STEM Self-assessment Matrix. https://doi.org/10.5281/ZEN 
ODO.3594822. 

W-STEM Consortium. (2019b). W-STEM Process Mapping Template. https://doi.org/10.528 1/ZEN 
ODO.3594845. 

W-STEM Consortium. (2019c). W-STEM Benchmarking Questionnaire Form. https://doi.org/10. 
5281/ZENODO.3594858. 

Yang, J. A., Sherard, M. K., Julien, C., & Borrego, M. (2021). Resistance and community-building 
in LGBTQ+ engineering students. ЛУМ, 27. https://doi.org/10.1615/JWomenMinorScienEng. 
2021035089. 

Zell, E., Krizan, Z., & Teeter, S. R. (2015). Evaluating gender similarities and differences using 
metasynthesis. American Psychologist, 70, 10—20. https://doi.org/10.1037/a0038208. 

Zilberman, A., & Ice, L. (2021). Why computer occupations are behind strong STEM employment 
growth in the 2019-29 decade. Computer, 4. 


6 Promoting the Participation of Women in STEM ... 125 


Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made. 

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. 


Chapter 7 A) 
Women Retention in STEM Higher usum 
Education: Systematic Mapping 

of Gender Issues 


Esmeralda Campos, Claudia Lizette Garay-Rondero, Patricia Caratozzolo, 
Angeles Dominguez, and Genaro Zavala 


Abstract Science, Technology, Engineering, and Mathematics (STEM) in Higher 
Education (HE) helps foster students’ motivation to continue studying and cultivates 
students’ regard for the role of science and technology in society. The gender gap in 
STEM НЕ can reduce through institutional efforts; however, the underrepresentation 
of womenis prevalent. There have been efforts to research and implement strategies to 
increase the number of people attending STEM fields with a specific action to attract 
and retain women in these areas. Hence, the purpose of this research work is to carry 
out and show the results of a Systematic Mapping (SM) related to how HE institutions 
aim to address the gender gap in STEM education through research and educational 
innovation. The SM focused on published work from 2011 to 2021 indexed in Web 
of Science or Scopus. Findings show the state of knowledge for an essential topic: 
reducing the gender gap through guidance and retention strategies to attain comple- 
tion. Furthermore, descriptive results give a general overview of the area, relevant 
trends, and other analytical evidence that provides an in-depth understanding of HE 
institutions’ needs. We conclude that the retention of women studying STEM HE 
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has become an essential issue worldwide universities have addressed increasingly 
during the last decade. 


Keywords Retention · STEM education · Gender perspective + Guidance - Higher 
education * Educational innovation 


7.1 Introduction 


Science, Technology, Engineering, and Mathematics (STEM) in Higher Education 
(HE) has many objectives such as promoting learning, fostering students’ motiva- 
tion to continue studying, and cultivating students' regard for the role of science 
and technology in society. Research has proven that there is a gender gap in STEM 
HE due to several factors such as the traditional role of women in society and the 
lack of female role models and mentors in STEM areas, to name a few (Wang & 
Degol, 2013). Several international organizations have emphasized the importance of 
addressing the gender gap in STEM HE explicitly. Addressing the gender gap in HE 
is part of the UN's Sustainable Development Goal 4, specifically for target 4.3, which 
refers to ensuring equal access for women and men to tertiary education, including 
university. According to the Organization for Economic Co-operation and Develop- 
ment (OECD), the gender gap in STEM HE enrollment differs for different fields of 
study; the field of natural sciences, mathematics, and statistics has reached gender 
parity, while for engineering and information and communication technologies (ICT) 
the gender gap persists (Organisation for Economic Co-operation and Development, 
2021). It is noteworthy that among the mentioned fields, there may exist differences 
between countries and areas of study, such as biology and physics within the natural 
sciences (Garcia-Pefialvo, 2019). The OECD highlights the importance of removing 
stereotypes and implementing policies for reducing the gender gap in different fields 
of study. 

HE institutions can implement several strategies to address the gender gap in 
STEM areas through different processes: attraction, access, and retention (García- 
Pefialvo et al., 2019). Within the retention process, some universities may identify 
guidance, completion, and other similar terms. Retention of engineering students is an 
important issue that academic institutions must address to avoid dropout by creating 
an inclusive and supportive environment (García-Holgado et al., 2020). We have 
identified review articles in the literature about the retention and guidance of women 
in STEM careers in HE. These review articles have provided some insights into the 
factors and obstacles that women in STEM face throughout their careers and their 
persistence in pursuing STEM majors. Eddy and Brownell (Eddy & Brownell, 2016) 
contributed to the literature with a framework that identifies performance and engage- 
ment as observable inequalities to explain gender gaps on persistence in STEM, a 
measure correlated with retention (Eddy & Brownell, 2016). Women in STEM face 
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challenges in predominantly masculine environments, such as gendered organiza- 
tional culture and stereotypes; their coping strategies center on conforming, impres- 
sion management, and proactivity (Makarem & Wang, 2020). Within the STEM 
careers, some authors identify Physics, Engineering, Mathematics, and Computer 
science (PEMC) as more related to mathematical ability than the biological sciences 
fields. Within this distinction, a study reported that girls’ mathematical ability beliefs 
under challenges may impact their chance of majoring in PEMC fields (Perez-Felkner 
et al., 2017). A study on the NSF ADVANCE program identified that systemic obsta- 
cles to recruitment, retention, and promotion impact women’s underrepresentation 
in STEM areas (DeAro et al., 2019). In general, these articles confirm that the gender 
gap in STEM education is a systemic issue and that academic institutions can imple- 
ment strategies in their guidance and retention process to avoid women’s dropout 
from STEM careers. 

Academic institutions and policymakers must inform each other about the strate- 
gies to guide women in STEM careers and avoid academic dropout (García-Peñalvo 
et al., 2019). We identify the need to conduct a literature review focused on the reten- 
tion strategies that universities worldwide have adopted to guide and retain women in 
their STEM programs. This study aims to provide a systematic mapping of the litera- 
ture related to how HE institutions aim to address the gender gap in STEM education 
through research and educational innovation. The main contribution of this work to 
society is to inform about best practices for women’s retention in STEM careers. 
Authors analyze the state of knowledge in the last ten years concerning geographic 
information, relevant authors, and trending research topics with this aim in mind. In 
the methodology, we present the PRISMA method that we follow to develop the liter- 
ature mapping. Then, the Results and Discussion section provides database analysis 
and the discussion of the emerging topics. The final section concludes with specific 
recommendations for HE institutions and policymakers to address the gender gap in 
STEM HE through the guidance and retention process. 


7.2 Methodology 


The literature search should be designed to be robust and reproducible to ensure 
the minimization of biases. Although there are alternative approaches for both 
conducting literature searches and reporting systematic reviews or mappings, the 
authors have encountered difficulties with some of those methodologies due to the 
following reasons: 


(i) the various methods are not comparable as they share few common reporting 
elements 

(i) there are numerous new checklists and tools that are not sufficiently described 
to be reliably replicated 

(iii) there is a debate about what constitutes a reproducible search and how best to 
report the details of the search 
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The use of non-validated bibliographic search methods can raise doubts and reduce 
confidence in the final conclusions of the systematic review or mapping (Moher et al., 
2015). The authors noted that if readers cannot understand or reproduce how the infor- 
mation was collected for this systematic mapping, they may suspect that the authors 
have introduced bias by not conducting a comprehensive or pre-specified literature 
search. These were the reasons why the authors chose the most commonly used 
reporting guide for systematic reviews and mappings, which covers the literature 
search component, which is the Preferred Reporting Items Statement for System- 
atic Reviews and Meta-Analyses, known as PRISMA Statement. The methodolog- 
ical approach consisted of a systematic mapping of the literature with a review 
process based on the PRISMA protocol (Xiao & Watson, 2019). The sequence of 
the PRISMA process consisted of 27 items (Page et al., 2021). The methodological 
stage of PRISMA is made up of items from 5 to 15, which are the following: Eligi- 
bility criteria; Information sources; Search strategy; Selection process; Data collec- 
tion process; Data items; Study risk of bias assessment; Effect measures; Synthesis 
methods; Reporting bias assessment; Certainty assessment. In the present study, these 
items were appropriately included in the following steps: 


1. Formulation of the problem and definition of the Research Questions (RQ). 

2. Developing a review protocol. 

3. Systematic search of literature, including the following steps: select databases 
and their descriptors; derive keywords from research questions; and adopt a 
sampling logic. 

4. Screening for inclusion and exclusion criteria. 

5. Extracting, analyzing, and synthesizing data. 


The literature mapping carried out in the present study was guided by three 
research questions (RQ). From them, the methodology for data extraction was 
designed and the report of the findings was written. The RQs were narrowed from 
a general research topic until we chose a more defined subtopic from the original 
search using mapping (Campos et al., 2020). In this way, it was possible to identify 
the activities involving the refined RQs. The chapter structure and its representa- 
tion of the data and findings are determined from the following RQs to bring out 
the information searching to achieve the main objective of this study: To carry out 
and show the results of a Systematic Mapping (SM) related to how HE institutions 
aim to address the gender gap in STEM education through research and educational 
innovation. Each RQ is defined to reach the specific Research Objectives (ROs) in 
this work as given below. 

Descriptive research objectives and research questions are as follows: 


• КОГ: Identify the related research works disseminated between 2011 and 2021 
and determine how they have been distributed in the defined databases. 


КОГ: How are publications distributed in the defined databases? What is the 
distribution of publications in the period between 2011 and 2021? 


e RO2: Identify the grouping of the main research works in terms of the document 
type. 
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RQ2: What is the distribution by type of document? 


e КОЗ: Identify the journals and conferences with distinguished publications related 
to this topic. 


RQ3: Which are the journals with the largest publications on this topic? Which 
conferences contribute the most to the literature on this topic? 


e RO4: Determine the geographical distribution of the first authors and which are 
the specific countries that have been contributing to this research area. 


RQ4: What is the geographical distribution of the first authors? Which are the 
countries that carry out research on the research topic?- 


Analytical research objectives and research questions: 


e ROS: Recognize the significant trending words stated in the obtained works and 
their accumulated frequency displayed in the keywords. Consequently, determine 
how these keywords can inform the trends in women retention in STEM HE. 


RQ5: What are the trending words (most common keywords) by the authors? What 
is the frequency of our keywords in the abstract, and how can these keywords 
inform the trends in publications on women retention in STEM HE? 


e RO6: Characterize the most relevant articles by their citation metrics, showing the 
most significant impact on the research topic. 


коб: What are the most cited articles? Which publications have had the greatest 
impact in the area? 


Due to the importance of selecting a review protocol, we decided to choose the 
PRISMA protocol which allowed us to reduce the possibility of research bias in data 
selection and subsequent extraction and analysis (Moher et al., 2015). In order to 
validate the protocol before executing the search, the work team was divided into two 
teams that worked independently to perform a peer review and validate the sequence 
of the protocol, as shown in Fig. 7.1. 

The keywords for the search were derived from the RQs. For the first step in the 
literature search, the keywords “women in STEM", “STEM education” and “STEM 
learning” were used. Some concepts used as keywords included synonyms, alterna- 
tive spellings, and related words, as in the case of gender gap, retention, guidance, 
dropout, completion, and attrition. The first search query for both databases was 
formed by the following general terms (linked by AND operators) and synonyms 
(linked by OR operators): 


A. STEM Education 
A1. STEM learning 
A2. Women in STEM 
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Fig. 7.1 


Eligibility Screening Identification 


Inclusion 
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Records identified from 
Databases: 

Wos (п = 384) 

Scopus (п = 317) 


Records after duplicates Records excluded 
removed (n = 587) Manually removed 
Records after manual duplicated records (n = 31) 
duplicates removed (n = 

556) 

Records screened (n = 556) 


Abstracts assessed for Records excluded 

eligibility: (п = 556) No abstract given (n = 4) 
Abstract does not include: 
STEM (n= 73) 

Full-texts articles assessed Women OR gender (n = 74) 

for eligibility (n =367 ) Retention OR attrition OR 
dropout OR drop-out OR 
completion OR guidance (n= 


Studies included in review: 81) 


Only Wos (n = 112 ) 

Only Scoups (n = 137) 

In Wos and Scopus (n = 118) 
TOTAL (n = 367) 


PRISMA 2020 flow diagram for literature search 


B. Gender Gap 
B1. Women 
B2. Gender 
C. Higher Education 


C1. University 
C2. College 


D. Retention 
D1. Guidance 


D2. Dropout 
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D3. Completion 
D4. Attrition 


Using these terms and synonyms, the query has the general form: 

(A OR Al OR A2) AND (B OR B1 OR B2) AND (C OR C1 OR C2) AND (D 
OR D1 OR D2 OR D3 OR D4). 

To determine the relevance of each manuscript, the titles were analyzed and if the 
content discussed the topic of women in STEM or gender gap in STEM, we obtained 
their full reference, including author, year, title, and abstract, to then complete future 
evaluations. It is important to highlight that, in this first stage, all those manuscripts 
that were related to the botanical meanings “cell” of the word “stem” were detected 
and excluded. The search was limited to two databases: Web of Science and Scopus, 
as they are the two main databases frequented by researchers from the engineering 
and science disciplines (Pranckuté, 2021). 

Due to the changes in the perception and revaluation of the role of women in 
STEM areas and the impulse that the issue of the gender gap has had in society in 
general, we limit the publication date to 2011 and 2021 (articles published in the last 
ten years), so that we can build our review on the recent literature that considers the 
influence of political, social, and cultural movements on the inclusion of women in 
STEM. The inclusion and exclusion criteria are defined in the PRISMA protocol in 
Fig. 7.1. 

Following the process detailed below, we refined the search queries used in each 
database. To allow for replicability, we include the exact final search queries used 
in Scopus and Web of Science in the Appendix. In the Scopus database, the query 
yielded 255 results. In the WoS database, the final query yielded 230 results. The 
final query has the following general form, where the general terms are linked by 
AND operators and the synonyms are linked with OR operators: 

Title, Abstract or keywords include: 


A. STEM Education 
A1. STEM learning 
А2. Women in STEM 
B. Gender Gap 
B1. Women 
B2. Gender 
C. Higher Education 
СІ. University 
C2. College 
D. Retention 


D1. Guidance 
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D2. Dropout 
D3. Drop out 
D4. Completion 
DS. Attrition 


Abstract includes: 


E. STEM 
F. Gender 
F1. Women 


G. Retention 
Gl. Attrition 
G2. Guidance 
G3. Dropout 
G4. Drop out 
G5. Completion 


Time filter: 2011 to 2021. 

Subject area filters. 

Using these terms and synonyms, the final query has the general form: 

Title, Abstract, Keywords ((A OR Al OR A2) AND (B OR B1 ОК B2) AND (C 
OR C1 OR C2) AND (D OR DI OR D2 OR D3 OR D4 OR D5)). 

AND Abstract (E AND (F OR F1) AND (G OR G1 OR G2 OR G3 OR G4 OR 
G5)). 

AND Time (2011 to 2021). 

AND Subject area filters. 


7.3 Results and Discussion 


Regarding the PRISMA stage corresponding to results, this study offers prelimi- 
nary results corresponding to the study selection items (Tricco et al., 2018), which 
correspond, respectively, to: 

16a. Describe the results of the search and selection process, from the number 
of records identified in the search to the number of studies included in the review, 
ideally using a flow diagram. 

16b. Cite studies that might appear to meet the inclusion criteria, but which were 
excluded, and explain why they were excluded. 

For reasons concerning the length of this chapter, items 17 to 22 (from the Results 
Section of the PRISMA Checklist) were excluded from this report. The items not 
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considered were: Study characteristics; Risk of bias in studies; Results of individual 
studies; Results of syntheses; Reporting biases; and, Certainty of evidence. 

We present the results of our analysis of the 367 records based on the databases, 
the type of documents with an overview of the journals and conferences that publish 
the most about this topic, the countries of the first authors that publish research on 
this topic, and the emerging keywords to find interesting trends. 


7.3.1 Database Analysis and Timeline 


We analyzed the articles that emerged in the Scopus database, in the Web of Science, 
and in both. We found that 118 records were in both databases, so 112 records 
were exclusively in WoS and 137 records were exclusively in Scopus, coherent with 
Fig. 7.1. We found an increasing trend in the number of records published between 
2011 and 2021. From 2011 to 2013, there were less than 20 records published each 
year. From 2014 to 2017, there was a turning point in the number of records, having 
between 20 and 35 each year. After 2018, the number of records increased to more 
than 50 each year until 2020. In 2021, we found 32 records up until the middle of the 
year when we created this database, so the trend is confirmed. In each database, we 
see similar trends. In the Scopus database, the years with most records were 2017 with 
28, 2018 with 41, and 2020 with 45 records. In Web of Science, the most relevant 
years were 2018 with 29, 2020 with 31, and 2019 with 41 records. These results 
are promising because they show that the research about guidance and retention 
of women in STEM HE is increasing each year. This implies that universities are 
more interested in implementing strategies for reducing the gender gap in STEM HE 
completion than 10 years ago. 


7.3.2 Type of Documents 


We analyzed the types of documents published about this topic in Scopus and WoS 
between 2011 and 2021. We identified 196 articles (53%), 159 conference papers 
(43%), 10 book chapters (3%), and 2 books (1%). We present an analysis of the 
publishing trends for articles and conference papers based on the years and the most 
relevant journals and conferences on the topic. 

We can see an increasing trend in the number of articles in Fig. 7.2; from 2011 
to 2014 and 2016, there were less than 10 articles per year. In 2015 and 2017, 
there were more than 15 articles, in 2018, there were more than 20, and from 2019 
to 2021 (ongoing), there were more than 30 articles each year. The journals that 
have published more on this topic were PLOS ONE (9 articles), the International 
Journal of STEM Education (7 articles), Equality, Diversity and Inclusion, Frontiers 
in Psychology, Journal of Chemical Education, Journal of Women and Minorities in 
Science and Engineering, Sex Roles, and Teachers College Record (5 articles, each). 
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Number of publications 


2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Publication Year 


eweScopus Article — «Scopus ConferencePaper —«emWoS Article — «*WoS Conference Paper 


Fig. 7.2 Publication trends from 2011 to 2020 per type of document (journal article or conference 
paper) and source (Scopus or WoS). Note The graph only includes full years (2011 to 2020). That 
is, 2021 is excluded because the information is not completed yet. 


The conference papers have a steadier trend, remaining between 10 and 20 confer- 
ence papers every year, except for 2018 and 2020, where we found 26 and 22, 
respectively. The conference that contributes the most to this area is the American 
Society for Engineering Education (ASEE) Annual Conference and Exposition with 
99 conference papers (27% of all records), followed by the Frontiers in Education 
(FIE) Conference, with 13 papers (3.5% of all records). Other relevant conferences 
were the International Conference on Education and New Learning Technologies 
(EDULEARN), the International Conference of Education, Research and Innovation 
(ICERD), and the International Technology Education and Development (INTED) 
Conference, contributing 4 conference papers each. 


7.3.3 Geographic Data 


We analyzed the country of the first author for each article based on their affilia- 
tion. We found that the vast majority of studies about retention of women in STEM 
programs are performed in the United States of America (295 articles, 80.796). We 
found other 6 countries that contribute to the literature on this topic: Australia (9 
articles, 2.5%), Canada (8 articles, 2.2%), Germany (7 articles, 1.9%), Mexico (5 
articles, 1.4%), Spain (4 articles, 1.1%), and the United Kingdom (4 articles, 1.1%). 
We identified 24 more countries that have contributed to the literature with less than 
3 articles each, representing less than 1% of the total. As the data suggests, most of 
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the research on this topic is done in North America, specifically in the US, Canada, 
and Mexico, followed by Europe with Germany, Spain, and the UK. Most of these 
countries are English or Spanish speaking. 


7.3.4 Trending Keywords 


In an effort to capture the authors’ most common keywords as an indicator of a trend, 
we analyzed the keywords given by the authors of the 367 documents. We present 
them in Fig. 7.3. STEM (99 times) and gender (80 times) are the words that appear 
most frequently (8.2% and 6.6%, respectively). Then, there is a step down to 3.6% 
(44 times) for the word education and 3.3% (40 times) for women. The next group of 
most common keywords is science (25 times, 2.1%), diversity (24 times, 2.0%), and 
engineering (23 times, 1.9%). Then comes faculty, students’ retention, academic, and 
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learning with about 1.8% each (around 18 mentions each of these keywords). The 
last group consists of the keywords career, culture, equity, gap, persistence, minority, 
major appearing 12 times (corresponding to 1.0% for each one). 

The diversity and science keywords are of particular interest since they could 
come from papers with different perspectives. From the 24 papers, eight of them 
(33%) study women with a race perspective; they are studies in which they focus on 
minorities (e.g., Black American, Hispanics) and gender. Three manuscripts study 
the women’s perspective on a broader diverse standpoint about race and GLBT or 
disabilities. The rest of them (54%) regard women from only the gender perspective. 
In the case of the science keyword, three (12%) of them focus on biology, four focus 
on computer science, and five focus on natural and exact sciences. The rest (52%) 
focus on STEM disciplines without specifying a precise science of emphasis. 


7.3.5 Most Cited Articles 


There are six documents that are cited by more than 100 publications. Ong et al. 
(Ong et al., 2011), a paper from the Harvard Educational Review in 2011 has 401 
citations averaging more than 36 citations per year in Scopus and 292 citations in 
WoS with an average of more than 26 citations per year. They produced a nice 
review of research in the previous 40 years regarding the African American females’ 
experiences in the STEM fields in their undergraduate and graduate education. They 
made a strong discussion of policy implications of their work and they emphasized 
what were the topics where research was needed. The number of citations has to do 
with that discussion. 

Cech et al. (2011), from the American Sociological Review, has 287 citations 
averaging more than 28 citations per year in Scopus and 243 with an average of more 
than 24 citations per year in WoS. They made a critical contribution regarding the 
retention of women in STEM fields at the undergraduate level. In their data, instead 
of having family plans or math self-assessment as key factors, they introduced a new 
factor at that time, professional role confidence. They found that women’s lack of 
this role confidence compared to men is a major factor for women attrition. 

Sadler et al. (2012) from Science Education has 282 citations and an average of 
more than 28 per year in Scopus and 206 citations and an average of more than 
18 in WoS. They studied 6000 students in 34 colleges around the USA to see the 
relationship of interests in STEM fields according to how that interest shifted during 
their high school years. The key factor they found was that females’ interest at the 
end of high school was strongly related to their interest at the beginning of their high 
school. However, they compared females’ and males’ decline in interest in STEM 
fields and resulted that females’ interest declined significantly more than males’ 
interest. 

Hernandez et al. (2013) from the Journal of Educational Psychology has 153 
citations and 17 per year in Scopus and 125 with an average of more than 13 citations 
per year in WoS. They did a three-year study following university high academic 
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achievers from the minority groups in the STEM fields. They found that students’ 
engagement in undergraduate research was a key factor for success. Related to this, 
they found that the growth in scientific self-identity and task goals capabilities has 
a strong effect on students’ retention and that performance-avoidance goals were 
related to students’ attrition. 

Morgan et al. (2013) from Social Science Research has 126 citations with an 
average of 14 per year in Scopus and a total of 114 with an average of more than 12 
citations per year in WoS. They did a longitudinal study for four years focusing on 
students’ pathways through college. They found gender differences across the STEM 
fields including health science disciplines. They also found that one of the main 
factors for students’ college selection was students’ occupational plans as seniors in 
high school. 

Dennehy and Dasgupta (2017) is the most recent document in the list of the 
most cited with 121 citations averaging more than 24 per year in Scopus and 92 
with an average of more than 18 citations per year in WoS. They did a longitudinal 
intervention study for two years in which, in the first year, entering female students 
participated in a mentor program. Some of the students had a female mentor, some 
of them a male mentor, and the rest had no mentor at all. They found that retention 
was more successful with a same-sex mentor and that result was modulated by an 
increase of belonging and self-efficacy. 

Interestingly, from the six documents that had more citations, four of them were 
studies in which the authors were interested in finding factors in which retention 
depends on minority groups, in particular women. Two of them even took data of 
students when they were in high school. Another document, the one with more 
citations is a review analyzing more than 110 previous studies. We highlight that 
those five studies had no intervention. The last document, the most recent one is the 
only study with an intervention with significant results. 

The descriptive and analytical trends presented in this results section have 
provided an overview of the state of knowledge regarding institutional efforts to 
guide and retain women in STEM fields. From our results, we can envision that 
women retention in STEM HE is an important issue that universities are beginning 
to address in different parts of the world. The analysis has shown the countries that 
have contributed the most, and the keywords that greatly define this area of research. 
The last part of the results has focused on an in-depth analysis of the most cited 
articles, finding interesting trends there, such as the focus on studies about women 
retention, but fewer articles about actual implementations. 


74 Conclusion 


Retention of women studying HE in the STEM areas has become an important 
issue addressed by many universities in different countries. Especially since 2016, 
there is a clear increasing trend in journal articles and conference papers dedicated to 
women or the gender gap within STEM education with a focus on retention, attrition, 
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dropout, guidance or completion. This systematic literature mapping reveals how HE 
institutions show concern and awareness by documenting their good practices and 
institutional policies. This study analyzes the dropout issues in HE from a gender 
perspective within 2011 and half of 2021. It could be used as a reference source for 
further investigations or to expand the current one, since this revision focused on the 
publications reported in the two main indexing systems Web of Science and Scopus. 

We conclude there is an increasing interest in promoting retention of women 
studying HE in the STEM areas by the number of articles each year. However, the 
interest of institutions and researchers in the field is a small number compared to the 
total number of universities that offer those programs. We recommend institutions 
adopt new policies addressing this problem from the action perspective; that is, 
getting to know the research results and implementing attraction, access, and retention 
actions to increase the number of women involved. In attraction, we recommend 
implementing a campaign directed to young women with seminars and talks by 
professional women in STEM areas. In access, we recommend giving close follow- 
ups to young women for college/university applications. In retention, we recommend 
offering guidance programs such as mentoring and academic consultation, fostering 
identity by creating women’s networks, and offering seminars and workshops by 
women in the industry or outside the academic system. 

This research provides a perspective on women retention studies in HE institutions 
within the STEM fields and their approaches to support their students to complete 
their academic programs. This chapter may be of interest to researchers, students, 
teachers, and decision makers interested in improving the academic environment and 
culture to promote equity for all. 
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Appendix 


Final query for Scopus Database: 


((ABS(retention) OR ABS(attrition) OR ABS(guidance) OR ABS(dropout) OR ABS(drop 
out) OR ABS(completion)) AND (ABS(gender) OR ABS(women)) AND (ABS(STEM)) ) 
AND (TITLE-ABS-KEY(( stem OR "STEM Education" OR "STEM learning" OR "Women 
in STEM" AND NOT cell) AND ("gender gap" OR women OR gender) AND ("higher 
education" OR university OR college) AND (retention OR guidance OR dropout OR 
"drop out" OR completion OR attrition)) AND (LIMIT-TO(PUB YEAR, 2021) OR LIMIT- 
TO(PUBYEAR, 2020) OR LIMIT-TO(PUBYEAR, 2019) OR LIMIT-TO(PUBYEAR, 
2018) OR LIMIT-TO(PUBYEAR, 2017) OR LIMIT-TO(PUBYEAR, 2016) OR LIMIT- 
TO(PUBYEAR, 2015) OR LIMIT-TO(PUBYEAR, 2014) OR LIMIT-TO(PUBYEAR, 
2013) OR LIMIT-TO(PUB YEAR, 2012) OR LIMIT-TO(PUBYEAR, 2011))) 
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Final query for Web of Science Database: 


(AB=(stem) AND (AB=(retention) OR AB=(attrition) OR AB=(guidance) OR 
AB=(dropout) OR AB=(drop out) OR AB=(completion)) AND (AB=(women) 
OR AB=(gender))) AND (((((ALL=("stem education") OR ALL=("stem learning") 
OR ALL=(women in stem)) AND (ALL=("gender gap") OR ALL=(women) OR 
ALL=(gender))) NOT  ALL-(CELL) AND (ALL=("HIGHER EDUCATION") 
OR ALL=(UNIVERSITY) OR ALL=(COLLEGE)) AND (ALL=(RETENTION) 
OR ALL=(GUIDANCE) OR ALL=(DROPOUT) OR ALL=("DROP OUT") OR 
ALL=(COMPLETION) OR ALL=(ATTRITION))) AND ((PY==("2021" OR "2020" 
OR "2019" OR "2018" OR "2017" OR "2016" OR "2015" OR "2014" OR "2013" OR 
"2012" OR "2011")) NOT (DT==("CORRECTION" OR "MEETING ABSTRACT") OR 
TASCA==("ORTHOPEDICS" OR "OBSTETRICS GYNECOLOGY" OR "MEDICINE 
GENERAL INTERNAL" OR "CLINICAL NEUROLOGY" OR "PSYCHIATRY" OR 
"REHABILITATION" OR "HEALTH CARE SCIENCES SERVICES" OR "SPORT 
SCIENCES" OR "EVOLUTIONARY BIOLOGY" OR "SURGERY" OR "GERIATRICS 
GERONTOLOGY" OR "PUBLIC ENVIRONMENTAL OCCUPATIONAL HEALTH" OR 
"ONCOLOGY" OR "ENDOCRINOLOGY METABOLISM" OR "PLANT SCIENCES" 
OR "LANGUAGE LINGUISTICS" OR "LINGUISTICS" OR "RADIOLOGY NUCLEAR 
MEDICINE MEDICAL IMAGING" OR "NURSING" OR "SOCIAL WORK" OR 
"SUBSTANCE ABUSE" OR "GERONTOLOGY" OR "LITERATURE" OR "HOSPI- 
TALITY LEISURE SPORT TOURISM" OR "UROLOGY NEPHROLOGY" OR 
"TROPICAL MEDICINE" OR "CRIMINOLOGY PENOLOGY" OR "HEALTH POLICY 
SERVICES" OR "INTEGRATIVE COMPLEMENTARY MEDICINE")))) 
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Chapter 8 Y 
Mentoring Female Students ENS 
in Engineering as a Way of Caring 


Patricia Jiménez, Jimena Pascual, and Andrés Mejía 


Abstract In this chapter, we report on a mixed research study about the ways 
mentors attribute meaning and purpose to the practice of mentorship in a program for 
first and second-year female students of industrial engineering at Pontificia Univer- 
sidad Católica de Valparaíso (Chile). A quantitative analysis (principal components) 
of 28 mentors' responses to a questionnaire about their motivations to be mentors 
prompted us to examine more deeply one of the factors found. Motivations consti- 
tutive of this factor referred to mentors' ways of attributing meaning and purpose 
to their practice, which can be understood in terms of caring. Four focus groups 
with 13 mentors in total allowed us to advance further into the examination of what 
the good pursued by this practice of mentorship meant for them. In our analysis, 
we drew from Tronto's four phases of care: caring about, caring for, caregiving 
and care receiving, and their corresponding defining moral elements: respectively, 
attentiveness, responsibility, competence, and responsiveness. 


Keywords Women in STEM : Mentoring · Higher education * Ethics of care + 
Motivations to mentor * Retention 


8.1 Introduction 


The underrepresentation of women in Science, Technology, Engineering, and Math- 
ematics (STEM) careers, especially in engineering, is well documented in the liter- 
ature (Cadaret et al., 2017; Dennehy & Dasgupta, 2017; Hernandez et al., 2017; 
Koul, 2018). UNESCO (2017) reports that the global average share of female 
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students enrolled in higher education in engineering, manufacturing, and construc- 
tion programs is 27%. In Chile, the 2020 enrollment of women in technology-based 
careers (including engineering) is 24% (MCTCI, 2020). 

This phenomenon is generally seen as a problem that goes beyond a feminist 
claim for equity. Indeed, the lack of diversity in the STEM workforce has been 
argued to have negative consequences for scientific innovation, creativity, and social 
relevance (Hernandez et al., 2017). Therefore, incorporating more women would 
help broaden the diversity of product design and problem-solving perspectives and 
add greater rigor in decision-making. In addition, this increase would help satisfy the 
global shortage of engineering professionals (Smith, 2017; Steenkamp et al., 2017; 
Stelter et al., 2021) and, because of the present feminization of poverty, would impact 
poverty reduction. Broadening the participation of women in STEM disciplines calls 
for new learning/teaching methodologies and new support programs that enhance 
college experiences and other motivators for academic persistence. 

The factors that explain this lower participation are varied: gender/occupation 
stereotypes (Bonaldi & Silva, 2014; Cadaret et al., 2017; Powell et al., 2012; 
Salikutluk & Heyne, 2017; Stout et al., 2011), beliefs about competence and self- 
efficacy (Cadaret et al., 2017; Cech et al., 2011; Falco & Summers, 2019; Marra 
et al., 2009); previous academic preparation, prosocial orientation, school and family 
socialization from an early age, and lack of role models in engineering, among others. 
This last factor is of special concern in this paper. Minority groups—such as women 
in engineering—have less access to role models, with whom to identify personally 
and socially. Majority groups, such as white men, have the opportunity to interact 
informally and regularly with various individuals that may serve as mentors to them 
(Whittaker & Montgomery, 2012). In the case of women in STEM, these interactions 
often need to be intentional because there are fewer opportunities for them to occur 
spontaneously. 

Mentoring is often used and recommended to attract and retain women in STEM 
programs (Dennehy & Dasgupta, 2017; Hernandez et al., 2017; Stelter et al., 2021; 
Stoeger et al., 2017; Ziegler et al., 2019). In fact, given that retention rates in engi- 
neering careers are traditionally low, mentoring programs have been recommended 
regardless of student gender (Lim et al., 2017). In the case of women in engineering, 
the potential benefits of mentoring may include addressing risks common to students 
of all social groups as well as those more specific to female students, such as the 
aforementioned access to role models in engineering. 

With this in mind, we designed a mentoring program for female students at the 
Industrial Engineering School at the Pontificia Universidad Católica de Valparaiso 
(PUCV) in Chile. The program was planned for May 2021 and it came into being in 
June of the same year. Our goal was to facilitate the development and strengthening 
of our first- and second-year students’ professional identities. Recent advances in 
the theory of professional development in STEM suggest that students' professional 
identity is critical to their motivation toward their career and to improving retention 
rates. A solid engineering identity means that students have come to see themselves 
as engineers and have a sense of belonging to the discipline community (Hernandez 
et al., 2017). 
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One of our concerns about potential difficulties for running this program was 
consistent with what is reported in the literature on mentoring minority groups in 
STEM: the availability of mentors from those underrepresented groups (Whittaker & 
Montgomery, 2012). Female incoming students to engineering fields will typically 
find few upper-level female students, few female faculty, and few female graduates. 

The motivation for this study originally derived from this concern, and we deemed 
itimportant to understand the motivations of mentors, the benefits they perceive from 
mentoring, and the roles they play for their mentees, in order to successfully strategize 
and design our mentorship program. However, as the reader will notice, during the 
course of our study, we enhanced the scope of our analysis from addressing perceived 
benefits and motivations to now focus on ways of making sense and giving purpose 
to their involvement in mentorship. With this shift, we now also address mentorship 
more fully as a practice: a set of social relationships and interactions in a community, 
which revolve around a good that is produced as a result of those interactions and 
whose standards of excellence are defined within the community itself (Macintyre, 
1984). Of course, someone can be motivated to engage in practice for instrumental 
reasons; for instance, when one obtains some remuneration for doing so. But it is 
when the production or achievement of these practice-defining goods becomes a 
motivator for someone to engage in that practice that it becomes a source of meaning 
and sense. In the case of mentorship, more particularly, we identified these goods as 
being characterizable in terms of caring, as understood in the ethics of care framework 
(Gilligan, 1993; Noddings, 2012; Tronto, 1998; Tronto & Fisher, 1990). As such, it 
provided an appropriate frame for interpreting the motivations for senior (upper-year) 
students and graduates (alumni) to become and remain mentors. 

Therefore, the purpose of this study is to inquire about how mentors in the Indus- 
trial Engineering mentorship program for female students at PUCV make sense of 
their mentorship practice. 


8.2 Mentoring Female Engineering Students 


Mentoring broadly indicates a relationship in which a more experienced person—the 
mentor—provides advice to a less expert person—the mentee (Meschitti & Smith, 
2017). Mentoring, defined as a relationship of professional assistance between the 
mentor and the mentee, is fundamental for the professional development and well- 
being of the mentees, as well as for the promotion of diversity and equal access in 
engineering education (Long et al., 2018). Alternative definitions focus on the rela- 
tionship between mentee and mentor: *a developmental relationship that is intended 
to support the growth of the learner or protégé forward, involving a constellation of 
mentors with different assets and skills" (Mondisa et al., 2021). 

Mentoring may be implemented across all academic trajectories, stages of devel- 
opment, training opportunities, and career pathways (Meschitti & Smith, 2017; 
Stelter et al., 2021). Some programs focus on academic support, research training, 
social integration, or professional identity development. Some programs are formal, 
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with clear expectations, evaluation, or feedback. Others are informal and flex- 
ible. Mentoring programs may be voluntary for mentors or mentees, or mandatory. 
Mentors may be assigned, or they may select their mentee. Mentorship may be carried 
out in a one-on-one relationship or in group settings, with one or more mentors at a 
time. They may be face-to-face or virtual. Mentors may be peers (slightly older or 
more experienced students or colleagues) or senior members or an organization (1.е., 
professors, managers, industry professionals). 

One common aim of many mentors in engineering programs is to attract and retain 
students and professionals to the discipline, be it high school students considering 
STEM careers, university students unsure of their career path, graduate students 
selecting their research area, faculty on tenure track (Meschitti & Smith, 2017) or 
junior professionals seeking career advancements in an organization (Allen, 2003). 

For women in male-dominated fields, research indicates that broader networks of 
mentors are associated with greater benefits for mentees (Hernandez et al., 2017). The 
success of STEM mentoring programs for underrepresented groups depends on the 
engagement of students and the commitment of mentors (Whittaker & Montgomery, 
2012). We examine next the mentorship practice focusing on characteristics of the 
mentor. 


8.2.1 Mentor Roles 


Among the three main functions of mentoring are career development, psychosocial 
support, and role modeling (Long et al., 2018). However, each stage of a person’s 
development may require different roles and attributes from the mentor (Allen et al., 
1997). 

In the mentoring of engineering students, mentors challenge their students to 
expand their comfort zone (Meschitti & Smith, 2017), they sponsor, counsel, and help 
them overcome barriers and plan their careers (Crisp & Cruz, 2009). They also help 
them develop technical skills (Mondisa et al., 2021) and a sense of belonging. One 
role that industry professionals provide when mentoring is access to their networks, 
resources, and position to offer their mentees meaningful professional experiences 
and opportunities. Women mentees often seek support and guidance on issues that 
go beyond academic topics (Daniels et al., 2019), and mentors should be able to 
identify and play this role. 


8.22 Mentor Attributes 


Mentors use their cognitive, relational, and emotional abilities to engage their 
mentees (Johnson, 2003). The mentoring role requires several personal attributes, 
including the ability to listen, reflect, tell stories, teach/learn, showcase different 
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career paths and the ability to assist their mentees. Roberts (2000) identifies contin- 
gent mentoring attributes such as coaching, sponsoring, and role modeling. Mentors 
often have a prosocial disposition, with characteristics such as "other oriented- 
empathy", helpfulness, generosity, and kindness (Allen, 2003). Mentors are proac- 
tive, rather than reactive, as mentoring involves the active choice to form a caring 
bond with others (Mayseless, 2015). 


8.2.3 Motivations 


The motivators to become a mentor are mostly of an intrinsic nature. Self- 
determination theory postulates that people are intrinsically motivated by compe- 
tence (a feeling of mastery or perception that growth and success are possible), 
autonomy (the initiative and ownership of one’s actions), and relatedness (a sense of 
belonging and connection) (Ryan & Deci, 2020). People are intrinsically motivated 
to purposefully look for opportunities, situations, and relationships in which they 
can provide care, and experience the intrinsic satisfaction of realizing that their care 
has benefited others (Mayseless, 2015). Providing care, then, can be considered as a 
source of motivation for mentors. 

Beltman and Schaeben (2012) distinguish several rewards to being a peer mentor, 
such as opportunity for networking, camaraderie and collaboration, sense of satis- 
faction for helping people, increased confidence and connectedness, the acquisition 
or improvement on professional and organizational skills, and the development of 
confidence or empathy. Benefits from networking, friendships, personal growth, and 
skill development can be also seen as motivators to mentors. In their study of grad- 
uate/postdoctoral mentoring undergraduate students in research, (Dolan & Johnson, 
2009) identified two main motivators for mentors: one was instrumental and involved 
improving their research productivity and meeting the implicit or explicit expecta- 
tions of the research group, and the other was socio-emotional and was related to 
personal enjoyment and a desire to share expertise. 

Allen (2003) identifies similar motivators in workplace mentoring: helping others 
succeed in the organization (benefiting others), a sense of pride from mentees accom- 
plishments (personal satisfaction), learning, and career success (self-enhancement). 
Managers with previous experience as mentors tend to volunteer again, but when 
deciding whether to mentor or not, they evaluate the cost of mentoring (time and 
personal energy invested) (Malota, 2019). 


8.3 Case Study Overview 


Engineering programs in Chile range from 10 to 12 semesters long and grant both 
a Bachelor of Science in Engineering (after completion of the 8th semester) and a 
professional title. Students choose their engineering specialty early on (often when 
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they apply to the university) with insufficient information regarding potential career 
paths. One established reason for student dropout and for the gender gap in attrac- 
tion and access to engineering programs is the lack of professional identification. 
Although upper-year female students and female faculty contribute to a positive 
academic experience and are great role models for younger female students, engi- 
neering graduates that work in the industry provide better examples of professional 
career paths and are helpful in developing students’ engineering identity. Although 
the coordination of face-to-face mentorship meetings with engineers working in the 
field is often difficult, the much higher availability of mentors for online meetings 
compensates for the loss of intimacy or closeness. 

While there is abundant literature on the importance of the connection between 
mentors and mentees (Dennehy & Dasgupta, 2017; Hernandez et al., 2017), and on 
the impact of such programs on mentees (Budny et al., 2010; Dennehy & Dasgupta, 
2017; Hernandez et al., 2017), research on the benefits for mentors is scarce (Allen, 
2003; Beltman & Schaeben, 2012; Rangel et al., 2021; Stelter et al., 2021). 

Thus, we wanted to investigate the motivations mentors have when volunteering 
for an online mentoring program. We study two types of volunteer mentors, peer 
mentors (senior students) and industry professional mentors (female engineering 
graduates). The mentees in this program are first- and second-year female students 
at an engineering school. 

This study centers on an online mentoring program (using video call and chat 
rooms) for female engineering students. It is a 2-phase mixed study addressing mentor 
motivations and benefits. In the first, quantitative, phase we analyze mentor responses 
to a 28-item Likert-scale questionnaire that enquired about the importance of moti- 
vations for mentoring. We then used the results of this quantitative phase to identify 
relevant issues that were worth exploring deeper. In a second, qualitative phase, we 
set up focus groups where some of the program mentors interpreted those relevant 
issues and connected them to their own personal experiences, exploring what made 
mentorship a meaningful activity for them to be involved in. 

The setting of this study is the Industrial Engineering program at the Pontif- 
icia Universidad Católica de Valparaíso in Chile. While the University has 17,000 
students, 43% of whom are women (29% women in STEM programs and 57% women 
in non-STEM programs), the industrial engineering program houses 1000 students, 
of whom 33% are women, a percentage that has not increased in the last 10 years. 

A call was sent via internal networks to senior students and industrial engineering 
graduates (alumni) to volunteer as mentors during one semester. Simultaneously, we 
invited first- and second-year female students in industrial engineering to register 
for the mentorship program. A total of 56 mentees, 22 senior student mentors, and 
18 alumni mentors were enrolled. These participants were assigned to 8 groups 
composed of 4 to 6 mentors and 6 to 8 mentees. In each group, the team of mentors 
was composed of both graduate mentors and senior student mentors. 

Prior to starting the program, we held a mentor training session and provided 
participants with a guide that compiled tips and good practices for mentoring sessions. 
Mentors were, however, enticed to adapt this material and design session to their 
own liking, as the main objective was to engage students in conversation and answer 
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their questions. Senior student mentors served as coordinators, setting up different 
informal chat groups to facilitate both the task of organizing the session with their 
team of mentors and the meeting date with their group. 


8.4 Looking into Mentor Motivations 


The research results of Beltman and Schaeben's study (2012), which looked at peer 
mentoring of university students across all academic programs for both men and 
women, served as the basis for the first phase of our study. Beltman and Schaeben 
(2012) addressed the anticipated benefits of being a mentor, as stated by students 
when they apply to become mentors. They analytically identified four categories of 
self-reported benefits by mentors: Altruistic, Cognitive, Social, and Personal Growth. 
Roughly, altruistic benefits are related to the enjoyment and satisfaction of helping 
people. Cognitive benefits include learning new information, acquiring new skills, or 
improving existing skills. Social benefits are related to networking, interacting with 
other students, or developing friendships with them. Personal growth benefits involve 
self and personal development and mentors' reflections on their own experiences and 
growth. 

These categories and subcategories were the basis for our mentor questionnaire. 
We translated them and constructed 28 items (available in Table 8.1), each of them 
consisting of an assertion whose relevance respondents were asked to rate as factors 
that contributed to their decision to become mentors. We had 17 responses out of 22 
student mentors, and 11 responses out of 18 graduate mentors. 

The reliability measurement (Cronbach's Alpha) obtained was 0,909, which 
suggests that these items may be close to each other in meaning. But this close- 
ness does not mean that all of them point in exactly the same direction. As we 
wanted to reveal their inner structure, however, not analytically as in Beltman and 
Schaeben's study, but in the perspective of the program mentors, we carried out 
an analysis of principal components. Indeed, it did not support the four categories 
of motivators (benefits) proposed by Beltman and Schaeben (2012) in their study. 
Instead, as shown in Table 8.1, we found two principal factors (components) which 
seem to relatively neatly distinguish self-focused motivations (e.g., development of 
self-confidence, social skills or improvement of their CV) from other-focused moti- 
vations (e.g., sharing their experience, inspiring other women, being available for 
the needs of others, satisfaction for helping others) (Allen et al. 1997). Only one of 
these items does not appear to fit this characterization (Training to be a mentor seems 
interesting and relevant). 

The reliability within component 1 (self-focused motivations) was very high, with 
Cronbach's a = 0,925, as it was within component 2 (other-focused motivations), 
with Cronbach's а = 0,844. But there seems to be a clear difference between the two 
components, both analytically and in the results obtained. 
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Table 81 Principal component analysis for mentor motivations 
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Cl C2 Uniqueness 
Being a mentor allows me to enrich my curriculum 0.790 0.374 
Training to be a mentor seems interesting and relevant 0.766 =| 0.356 
As a mentor, I develop interpersonal skills 0.833 0.302 
Mentoring is an opportunity for personal growth 0.784 0.364 
I believe that I can have an impact and make a difference 0.424 0.795 
Mentoring allows me to develop communication skills 0.881 0.205 
Mentoring allows me to develop leadership skills 0.776 0.398 
Mentoring will help me develop empathy 0.402 0.838 
Mentoring has a social sense for me 0.906 
I am proud to participate in my mentees’ achievements 0.774 =| 0.379 
Being a mentor allows me to update my knowledge of the 0.518 0.633 
University and the School 
Being a mentor connects me with my School / University 0.594 0.594 
I feel satisfaction in helping students integrate 0.719 | 0.473 
I believe that I can share my experience and knowledge 0.866 | 0.248 
By being a mentor, I will be able to coordinate activities 0.711 0.350 
with other people 
Being a mentor contributes to my professional development | 0.817 0.333 
Mentoring allows me to meet and interact with engineering 0.770 
students 
Mentoring allows me to inspire other women 0.862 | 0.257 
By being a mentor, I develop social skills 0.754 0.430 
Being a mentor allows me to participate in a network with | 0.598 0.540 
other mentors 
I appreciate receiving feedback from mentees 0.633 0.595 
L experience a sense of responsibility for participating as a 0.607 [0.569 
mentor 
I like to be available when they need me 0.433 0.754 
Mentoring allows me to develop a rewarding relationship 0.647 0.513 
with the mentees 
I would have appreciated a mentoring activity when I was a | 0.683 0.529 
student 
I feel pride or a sense of accomplishment in participating as 0.755 
a mentor 
Being a mentor allows me to enhance my coordination and | 0.806 0.347 
organization skills 
Mentoring will help me build my confidence 0.675 0.435 
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When using the calculation of each of the two components as an index, with C1 as 
a measure of relevance for self-focused motivations and C2 for other-focused motiva- 
tions, the difference becomes apparent. Beyond the fact that the differences between 
the means of the two components were statistically significant (with p-values «0.001 
for t-Student, Wilcoxon and Z tests), they are substantively significant. Remarkably, 
the mean difference (0.593) corresponds to almost 1596 of the theoretical range 
for these variables (1—5). Respondents were more inclined to take other-focused 
motivations as more relevant for explaining their decision to become mentors than 
self-focused ones. 

This distinction between the two components can be further elaborated. It can 
be seen in Table 8.1 that the items that contribute to C2 are generally much more 
intrinsically and directly related to the purposes of mentorship; that is, the relationship 
between them and mentorship is not contingent but, instead, is central to the goods that 
are pursued by the practice of mentorship. On the contrary, the items that contribute to 
C1 are generally much more contingently connected to the practice of mentorship, 
and the benefits they refer to might rather easily be obtained by getting oneself 
involved in other, different, practices. For instance, enriching one’s curriculum vitae, 
developing social skills, and building up one’s confidence can be side results of 
many other activities completely unrelated to mentorship and can hardly be seen as 
what this practice pursues. But sharing one’s experience and knowledge with others, 
inspiring other women, and being available for others when they need it is much 
more clearly connected to what makes mentoring the practice that it is. 

Interestingly, although for both groups of mentors the other-focused component 
is more relevant than the self-focused component, this difference is markedly larger 
in the case of graduate mentors as compared with senior student mentors. Addition- 
ally, in the self-focused component, statistically significant differences were found 
between both groups of mentors. On the other hand, for the other-focused component, 
the results for both groups are similar (Table 8.2). 

Additionally, a Mann—Whitney U test for comparing the two groups (student 
mentors and graduate mentors) shows a p-value of 0,007 for the differences between 
the two components. This indicates that, in fact, graduate mentors mark a much 
clearer difference between the two components. 

It may be perhaps surprising that senior students seem to be similarly motivated by 
the other-focused component to become mentors when compared with graduates. The 


Table 8.2 Descriptive statistics of components by mentor type (student/graduate) 


Component 1 Component 2 

student Graduate Student Graduate 
Valid data points 17 11 17 11 
Mean 4.206 3.643 4.556 4.612 
Std. Deviation 0.630 0.757 0.476 0.357 
Minimum 2.500 2.214 3.545 3.909 
Maximum 5.000 4.643 5.000 5.000 
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fact that they had much more recently been junior students themselves could justify 
an expectation for them to be more empathetic toward their mentees than graduates 
who had gone through that experience much longer ago. In regard to the significant 
difference between the two groups of mentors—concerning their motivations based 
on expected individual gains/benefits—it can be speculated that this difference could 
be a result of the broader take on life and work of graduates when compared to senior 
students, most of whom have not yet had the opportunity to work. Additionally, many 
of the skills represented in the items that contribute to C1 may refer to competencies 
that graduates have already developed or that they can develop in their workplace. 

Besides the fact that the items contributing to C2 are for the most part directly 
connected to the goods that define the practice of mentorship, when looked at closely, 
and as we will explain in more detail in the following section, these other-focused 
motivations are at the same time instances of caring. And that is what we will now 
turn to. 


8.5 Caring 


Caring is an emotion, a bond, and a behavior that manifests everywhere around us 
(Mayseless, 2015). It can be understood as “а species activity that includes everything 
that we do to maintain, continue, and repair our “world” so that we can live in it as 
well as possible. That world includes our bodies, our selves, and our environment, all 
of which we seek to interweave in a complex, life-sustaining web” (Tronto & Fisher, 
1990). As such, these motivations are aligned with a way of seeing the university 
more as a site of personal relations of solidarity that are aimed at repairing and 
maintaining our world, than as a site of transactions that different actors conduct 
while each of them seeks their own benefit, as, for example, in a market. All this 
suggests that mentorship can appropriately be taken as a caring practice. 

According to Noddings (2002), care is basic to human life. “Natural care", there- 
fore, is a moral attitude: a longing for the goodness that arises from the experience or 
memory of being cared for. Noddings explores the notion of ethical care: a state of 
being in a relationship, characterized by receptivity, affinity, and fascination. Recep- 
tive attention is an essential characteristic of an affective encounter. The caregiver 
is open to what the cared-for is saying and what they might be experiencing, and 
he/she is able to reflect upon it. However, there is also a motivational drive. In other 
words, the “motor energy” of the caregiver flows into who is cared-for. The caregiver 
thus responds to care in a way that is hopefully helpful. For this to be called “car- 
ing", it also requires some recognition from those receiving care. Caring implies a 
connection between caregiver and cared-for, and on a certain degree of reciprocity; 
that both benefit from the encounter in different ways and both give something to the 
relationship. 

The ethics of care emphasizes that caring relationships between humans are part 
of what marks us as human beings (Gilligan, 1993; Noddings, 2002; Tronto, 1998; 
Tronto & Fisher, 1990). We are always interdependent beings. Throughout life, 
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human beings need and receive care and take care of others. There is a motivational 
aspect to ethics of care-related actions (care as a response to a feeling) and there 
is a cognitive aspect that arises from the memory of having been cared-for (Torras, 
2013). According to Tronto and Fisher (1990), caring can be seen as a process with 
four intertwined phases: caring-about, caring-for, caregiving, and care receiving (see 
Table 8.3). Viewing care as a process stems from the fact that each phase feeds the 
next. However, they should not be seen as standing in a strict sequence, as there 
is always a toing and froing between them. Moreover, these phases can either be 
performed by a single person or divided between different individuals or groups. 
Table 8.3 further develops these phases of care and the moral element or dimension 
that each involves. 

Once we realized that one of the factors found in the principal components anal- 
ysis pointed more directly in the direction of the goods pursued by the practice of 
mentorship and that these goods could be characterized as care, we decided to put 
care right in the center of the framework for our analysis of the qualitative data 
collected by means of the focus groups. That is what we present in the following 
section. 


Table 8.3 Tronto’s four phases of care 


Phases of care | Definition (Riley Moral dimension Care responsibilities 
et al., 2017) (Tronto, 1998) (Tronto, 1998) 

Caring about An attentiveness ог Attentiveness: Listening to articulated 
sensitivity to perceiving needs in self | needs 
opportunities to саге | and others with as little | Recognizing unspoken 
for others distortion as possible needs 


Distinguishing among and 
deciding which needs to 


care about 
Caring for The assumption of Responsibility: defining | Organizing 
responsibility to care | what to do about the Marshaling resources or 
for another needs that were personnel 
identified Paying for the care work 


that will meet the 
identified needs 


Caregiving The act of meeting Competence: knowledge | Performing the necessary 
another's needs about how to provide caring tasks 
good care Making sure the care is 
done well 
Carereceiving | Response to care Responsiveness: Listening/Distinguishing/ 
returns to the assessing reactions of the | Observing responses from 
caregiver care-receiver regarding | care-receiver 
the care received Eliciting feedback 


Identifying new needs for 
care. This comes full circle 
to the attentiveness phase 
(caring-about) 
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8.6 Understanding How Mentors Care 


In phase 2 of our study, we organized 4 focus groups, two for student mentors and two 
for graduate mentors. In total, 13 student mentors and 6 graduate mentors participated 
in these focus groups. During sessions, we discussed some of the results obtained in 
the quantitative phase by prompting mentors with questions such as “What triggered 
you to say: “yes, I want to be a mentor’?, What reflections arose when making this 
decision?”, “How is participating in this experience valuable or satisfactory to you?”, 
“What effect did the sharing of your story have on you?”, or “What have you learned 
about yourself during this process?". 

As we will see, the caring nature of mentorship became manifest in the mentors’ 
responses, as it showed to be the source of meaning and purpose for their involvement 
in the program. Its orientation toward the needs of others, in this case, the mentees, 
not as something done upon them as imposed from the outside, but as being there 
for them, is revealed in the following quote from one of the student mentors: 


In the end, impacting doesn't have to do with changing how they [the mentees] think, or 
their vision of the future, but simply is related with them not feeling that they are alone in 
this. SM4.! 


We have pointed out that in the case of mentoring programs for underrepresented 
groups in engineering, the opportunities for those who belong to these groups to be 
mentored are reduced by the shortage of mentors from the same social groups. It 
is especially important to design and manage mentoring programs with attention to 
aspects that may affect the motivation of the mentors. 

Based on the findings of this study, we will examine and discuss the elements that 
can affect the motivation of mentors under the scope of the four phases of care. 


8.6.1 Caring About 


The moral element of the caring-about phase is attentiveness. Attentiveness is a 
practice that develops over time, in the process of acquiring experience in becoming 
a mentor. Initially, when they get involved in the program, their attentiveness is 
inevitably a projection from their experience with others in a situation that they 
judge similar to that of the mentees. Perhaps they have been attentive to others in the 
past and approach their mentees from this working hypothesis or intuition about the 
kind of caring they might need. 

Mentors refer to their own experiences and to what they have observed with peers 
or as teaching assistants to younger students. They identify that first-year students 
need counseling during difficult stages of life, such as in the transition between high 
school and university. 


' From here onwards SM stands for student mentor and GM stands for graduate mentor. 
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Мућеп was a teaching assistant at a [college preparatory] program, I noticed that many high 
school students felt very lost. I felt that becoming a mentor would give me a similar chance 
to help. The first years at the university are difficult and many students live them in silence. 
Mentoring is also a way to give them confidence and share my similar experiences. SM1. 


I was a teaching assistant to first-year students and saw the uneasiness of students who didn't 
know anyone at school. From my own experience, I know that having someone senior to 
whom to ask questions helps a lot. GM1. 


Sometimes that previous experience of feeling the need to be cared about is their 
own. There is evidence of a motivating force in mentors, resulting from having 
survived the difficult moments of the first years of university studies. They feel that 
sharing these experiences contribute to making this process more enjoyable for other 
people. 

It is always motivating to be invited to take part in these types of activities [referring to the 

mentoring program] and to be able to contribute as well. We all go through different stages 

where we experience discomfort, especially during transitions such as entering a university 


program. I was very motivated by the possibility of giving back and sharing what I learned, 
making the path easier for newcomers. SM2. 


As the caregiver attends, they are likely to experience a motivational shift 
(Noddings, 2012). In the mentoring program, this means that the mentor redirects 
her care efforts toward noticing and understanding the needs and goals of the mentee, 
no longer as a projection of her previous experiences but in present time, and with 
real rather than imagined persons. 


Ihad to update my view on gender issues: for me [when in school] the issue was that women 
were not being considered, (...) smart topics or technical questions were answered by men 
(...) but for the girls in my group this is not an issue ... for them the difficulties have to do 
with confidence (...) they see their [male] peers a lot more empowered than themselves, and 
this is a new problem that we have to work with (...) I realized I was thinking of working 
on the problems I had when I was in school (...) but that has been updated, and it has been 
great to learn this. GMI. 


I had already been a mentor to engineering graduates in an organizational context. In this 
program, the group setting was difficult for me, different from my one-on-one mentoring 
experiences. In the company there is a strategic plan, common areas and tools that connected 
me with the mentees. Here in the university the challenges of the mentees are more 
ambiguous, more personal. GM5. 


Initially in the program, mentors connected with the needs of mentees by recalling 
their own experiences and difficulties as female engineering students. Experiences 
with choosing to study a traditionally male profession, and with different steps in their 
career path (selecting a major, finding an internship, joining the workforce, advancing 
in their career). Once the mentoring relationship began, however, mentors updated 
their understanding of what mentees needed. Relying on their autonomy and on the 
ability to perceive what is needed was key to detecting new opportunities for care. A 
mentor demonstrates empathic accuracy when what she infers of a mentee's feelings 
and thoughts corresponds to what the mentee really feels and thinks (Ickes, 1993). 
The concept of empathic accuracy raises the question of whether our knowledge of 
another person's mind proceeds in an egocentric or detached way (Stueber, 2006). 
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Care has both cognitive and affective dimensions (Noddings, 2012). Dialog is 
essential to building relationships of care and trust. “Within a well-established rela- 
tion, we are more likely to achieve empathic accuracy” (Noddings, 2012). In this 
way, the mentor is prevented from attributing to the mentees the feelings she had 
or would have under similar conditions. The ethics of care requires the mentor to 
think about how the other (mentee) feels, not how they would feel under the same 
circumstances. 

This is similar to what Noddings (2012) asserts about the teacher-carer: a 
mentor-carer listens receptively to mentees. Mentors may recognize that mentees’ 
concerns/interests differ from their preconceptions. In this case, a conflict may arise 
if the mentor values the original program design as it aligns with her own past experi- 
ences and needs. To respond in a caring way, mentors need time to build a caring and 
trusting relationship with their mentees. This way mentees and mentors can together 
choose a suitable course of action to address their needs. In any case, the time spent 
building the relationship will likely be a worthwhile experience for both parties. 


8.6.2 Caring For 


The decision to join a volunteer mentoring program, with no compensation, mone- 
tary or otherwise, demonstrates intrinsic motivation. Caring-for implies being intrin- 
sically motivated to take responsibility. After considering their own experiences, 
mentors perceive helping mentees to be their moral responsibility. As a program that 
does not provide monetary rewards, this moral boost is an important motivator for 
mentors. 


I felt it was my duty to pass my experience on to the younger generations. To tell them not 
to let stress take over, especially during the first years, and to seek help early on. SM3. 


To me, being a mentor is like volunteering for something great. SM4. 


I turned out all right, but I had a really hard time when I was studying engineering. The 
mentees may be living the same situations that I had to live. It motivates me to share my 
experience so that they do not have such a difficult time (...). It is my way of showing 
solidarity. GM2. 


Mentors, who as students did not have the opportunity to be mentees express 
how useful that experience would have been for them. This reflection creates a sense 
of responsibility and desire to volunteer as mentors. Conversely, those that were 
mentored as students recognize how important it was for them—how that person 
made a difference in their life—and they too wish to pay back by becoming mentors 
themselves. 


My motivation to join had to do with what I experienced in my first year when I was part of 
a mentoring program. My mentor then was the same faculty that invited me to this program. 
Her invitation reminded me of how helpful the program had been for me (...) I thought I 
could reciprocate as a peer mentor. SMS. 
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Caring in a mentoring relationship goes beyond feeling with the other; it involves 
acting on behalf of the other. It involves taking responsibility for the welfare of 
another (Lawrence & Maitlis, 2012). 

Mentors’ attendance in the program was nearly perfect, unlike the mentees whose 
attendance was erratic. Their studies, jobs, and personal life would have been perfect 
excuses for not participating, especially because they didn’t personally know the 
people they were mentoring. What moved them from a caring-about to a caring-for 
attitude? When mentors talk about why they decided to take on the responsibility 
of being mentors, it is evident that they are moved by feelings of compassion and 
“fellow-feeling for others” (Noddings, 2002). Unlike other programs, this is an online 
program that was designed to allow for flexibility and considerable autonomy from 
the mentoring groups, which are conditions that might be motivating mentors to 
directly execute the care, instead of channeling their caring-about interest through 
over venues (such as charity work). 


8.6.3 Caregiving 


Mentors evaluate or discover their competence to teach and accompany others; their 
achievements and experiences substantiate this competence. 


I was unsure if my message was going to be adequate: 1 believe that it is possible and right 
to reconcile personal life with academic life, that university is not everything. I wondered if 
this message was in line with the goals of the mentoring program. But knowing that I would 
mentor with graduates gave me confidence, I wouldn’t be alone, and I could learn from them 
[graduate mentors]. 5М7. 


For the proper development of a mentoring relationship, the mentor must perceive 
herself as competent in her role. The limited knowledge or inexperience regarding 
what happens during a mentoring session, or the preconception that mentoring is like 
academic tutoring, made some mentors initially second-guess their ability to make 
any contribution to first- or second-year engineering students. Once they realized how 
meaningful it was for their mentees to listen to their point of view or experience, 
they realized that they were competent to fulfill the role of mentor and they acted. 


Our teachers gave us a structure for the mentoring sessions, but we eventually went off the 
script. We have been talking with the mentees about vocational issues and concerns, how 
to deal with failing a course, difficulties finding the first job, etc. They are difficult topics 
that we have discussed based on our experiences and that have been well received by the 
mentees. Deviating from the mentoring guide script I think has led us to something even 
better. SM6. 


The mentoring literature describes different attributes of a competent mentor. 
According to Johnson (2003), the competence of a mentor is more than the sum of 
several skills; indeed, it is a structure that integrates various virtues, abilities, and 
focal skills that are deployed to serve the mentee. In this study, we are more interested 
in the mentors’ own perception of competence for the work entrusted and voluntarily 
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adopted, and in their efforts to develop their own competence, than in a repertoire 
of possible attributes of a mentor as a caregiver. Technically, the mentor needs to 
have knowledge and resources to do a good job (Zembylas et al., 2014). However, 
as Tronto points out, competence is not just a technical consideration, it is also the 
moral dimension of caregiving (Tronto, 1998). 

“Providing effective mentoring to others requires a considerable time investment 
on the part of the mentor and can put the perceived competence of the mentor at risk 
if the protégée performs poorly” (Allen, 2003). 

According to the theory of self-determination, the sense of competence is a rele- 
vant element for a person’s motivation. Within the existing literature on women in 
engineering, self-perceived competence has been a recurring theme. Female engi- 
neering students rate themselves as less competent relative to their male peers, regard- 
less of their grades (Jagacinski, 2013). While the literature refers to technical compe- 
tence, this study reveals a similar pattern, as some mentors initially doubted their 
abilities and competence to mentor. We may also interpret this concern about compe- 
tence as an indication of caring; that is, the moral element of caregiving in mentorship 
is reflected on the mentors’ attention to their own competence and their efforts to 
improve it, as the result of their wish to ensure to do a good job because they care 
about the wellbeing of their mentees. 


8.6.4 Care Receiving 


The role of the person receiving care is simple and crucial (Noddings, 2012). Demon- 
strating in some way that care has been received does not mean that the mentee should 
express gratitude, but rather responsiveness (e.g., showing up or asking questions). 

In some of the mentoring groups, mentees’ attendance was not consistent. For 
mentors, investing their time and energy in preparing activities and then realizing 
that there is little response from mentees is demoralizing. 


I wish the mentees had participated more (...) the graduate mentors contribute a lot in the 
sense of work and we in the sense of the university experience. SM7. 


I thought: ah, the girls are going to love it, they are going to be super motivated, they are 
going to learn a lot, because who wouldn’t want to have this experience during their first 
years? (...) but participation has not been so high. I like to keep things under control, know 
how they arrive to the meeting and what they leave with. (...) For me this was very important, 
it was like a pre-conviction that motivated me to be a mentor. SM11. 


On the other hand, it is satisfying for mentors to see signs that their sessions have 
an impact, even if it is modest, on the lives of their mentees. 


It comforts me to see their faces of relief, that someone understands them, when they realize 
it is not me who has a black cloud, it is a normal process, everything happens step by step. 
ОМА. 


I didn’t realize in the beginning how satisfactory it was to help, but later I did (...) because 
the girls showed me. SM10. 
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Graduate mentors have a double source of reward as they not only see respon- 
siveness from the mentees, but also from the senior students with whom they team to 
mentor. Senior students, unlike mentees, tend to speak forcefully about how helpful 
it is for them to talk to graduates. 


It has been very interesting to meet the graduate mentors and to create ties with my peers in 
the mentoring team (...) I was worried about finding an internship but talking with them has 
made me feel I can solve it. I have felt their company. SM5. 


We have all learned a great deal from the graduates, how they solve problems and how they 
deal with difficulties. It has been very interesting to hear from them that not everything is 
perfect, that entering the world of work is not necessarily easy. SM12. 


In my case, networking was one of the main motivators. I saw it as a network for work, 
internships, and all that. SM3. 


The expectation of future rewards beyond the mentoring program is also a moti- 
vator for mentors. The idea is that just as the mentors now cared for the mentees, if 
ever the former needs help, the latter or the other mentors will be there to support 
them. 


What is relevant is the relationship between mentors and mentees (...) I don't imagine a 
close relationship or a friendship forever, but a nurturing relationship, a relationship that 
contributes, that teaches you, that leaves reflections and a space of trust... a network for the 
future, for example. For me it was very important. SM13. 


It was very satisfying to create a community (...) our mentoring was not just for first- 
year students, but the senior students [mentors] also benefited by sharing their problems 
and receiving our help (...) We identified with one another (...) I feel that if I ever need 
something this group is going to be there to help and support me. GM6. 


To close the cycle of care, a response is needed from those who have been cared- 
for. In mentoring programs, mentors hope to see an impact on the mentees. Observing 
signs of relief, seeing that the students are calmer or have more confidence in them- 
selves are aspects that mentors refer to as satisfactory and that allow them to positively 
evaluate their intervention. The baseline of the response is that mentees attend the 
sessions. For the mentors of some groups, the low and irregular attendance of mentees 
was discouraging. 

The mentee's response, or lack thereof, involves evaluating the care provided by 
the mentors. This responsiveness can be interpreted as the degree to which the needs 
of the mentees have been satisfied in the sessions and activities carried out in this 
program. 

In the program under study, this phase of care is the one that represented the 
greatest challenge. The online format of mentoring, which is of great advantage 
for summoning female mentors, may have played against the engagement of some 
mentees. 
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8.7 Conclusions and Recommendations 


We undertook this study because, given the suitability of mentoring programs to 
attract and retain women in engineering, and the difficulty of finding female engi- 
neering students or graduates (precisely because they are few), it becomes important 
to understand what factors affect the motivation of women interested in assuming 
the role of mentor. In studying those motivators, we discovered that what is more 
important for the mentors in the program is the satisfaction related to pursuing the 
goods of the practice of mentorship, which is taken to be fundamentally a caring 
practice. 

The framework of the ethics of care has been widely used in feminist literature 
as a way of understanding how relationships develop between human beings. This 
approach emerged as a critique of distant and abstract ethical frameworks that omitted 
basic relational values such as caring or sympathy. In this study, the ethics of care and 
its phases allowed us to analyze and understand, from an ethical perspective, what 
drives mentors to enroll and persevere in a mentoring program for younger female 
students. Conceptualizing mentoring as a practice of care helped us to reveal the 
moral dimensions that together drive mentors to move from caring-about the gender 
gap in engineering to assuming responsibility for a specific other and acting upon it. 

But we take it that the ethics of care should not only be useful for interpreting the 
practice of mentorship, but also for designing and adjusting the mentorship program. 
For instance, the ethics of care’s phases or dimensions may allow us to improve 
the selection process and the training sessions for mentors, and ensure they are 
relevant and focused on what really matters in the mentor—mentee relationship. It 
is about devising a program that is tailored to the needs of the mentee, and about 
working that disposition in the mentor. This framework directs us, predisposes us, and 
draws attention to certain topics that are generally not seen by program managers, 
but are important to mentors. For example, we have learned that it is important 
for mentors to receive a response from mentees, that mentees participate and show 
engagement with the program. This is, that participants show up after they said 
they would, answer emails or chat questions, turn on the camera during the online 
session, or give opinions during a conversation. After identifying this issue, we 
can review the design of future programs or implement changes to the ongoing 
program to help intention this participation without having to enforce it. Examples 
of such modifications are: signing a participation agreement with enrolled mentees 
before they are assigned to a mentoring group; sharing with mentors and mentees 
the expectations and behaviors observed in earlier programs; establishing increasing 
levels of participation/commitment based on observed behavior or declared interests; 
deciding that mentorship meetings be held in periods of low academic demands; 
or defining other means to provide timely feedback to mentors, such as offline or 
anonymous questionnaires. 

Importantly, by understanding mentorship as a caring practice and designing 
mentorship programs in accordance with this view, we can contribute to establishing 
the university as a human place and to resisting the advances of a neoliberal culture 
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that have been encroaching on it for the past decades. However, even caring may 
be marketized, as some authors have argued that has happened in the twenty-first 
century (Green & Lawson, 2011). The practice of care becomes a tradable asset, 
where caregivers care under a purely contractual relationship. 

When caring is viewed as a commodity, the act of caring comes to be perceived 
as a matter of choice for the caregiver, who may accept (or not) responsibility for 
engaging in a dependent relationship with others. In a mentoring program with no 
external rewards for assuming this responsibility, the mentor voluntarily donates her 
time and energy to a cause she considers valuable regardless of who the mentees 
are, and thus all are included. A mentoring program such as the one described in 
this study distances “care” from a market logic and restores its “inherent to human 
nature" character. 

Lastly, we would like to say that the relational nature of caring in itself suggests 
that this endeavor is a collective one, involving mentors and mentees as well as 
faculty. In Tronto's words, 


Caring should take place in an environment in which all of those engaged in caring —care- 
givers and care receivers as well as other responsible parties— can contribute to the ongoing 
discussion of caring needs and how to meet them. No single actors in a care process can 
assert their own authoritative knowledge in the process. Within the activity of caring itself, 
actors must continue to be attentive, responsible, competent, and responsive to the others in 
the caring process. (Tronto, 1998). 
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Chapter 9 A) 
Gender Perspective in STEM Disciplines = 
in Spain Universities 
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and Elisabet Mas de les Valls 


Abstract In this paper we present different initiatives carried out by Spanish univer- 
sities for the incorporation of the gender perspective in STEM disciplines. One of 
these initiatives is the collection of guides of the Vives University Network for univer- 
sity teaching. These guides cover the sections of objectives, contents, evaluation, 
learning environment, organizational modalities, teaching methods, and didactic 
resources with the aim of making women scientists visible in the discipline and 
eliminating the androcentric vision that predominates in science and engineering. 
In particular, we analyze the fields of engineering, mathematics, and physics. With 
the aim of being more than just a review of different initiatives, the paper unifies 
the fundamentals on which these initiatives are based. Thus, the general principles 
are well defined, and those aspects more related to each university and discipline 
particular cultures are identified. The comparison between initiatives will allow us 
to identify both successful strategies and resistances. Sometimes, the confluence of 
different events allows an action to become relevant or not. As a result, the paper 
can be used to effectively define the implementation strategy of the incorporation of 
gender perspective in STEM teaching at university level. 
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9.1 Introduction 


Spanish women are majority among university students, but they continue to be a 
minority in STEM careers (Science, Technology, Engineering, and Mathematics). 
According to the report Científicas en Cifras 2021 (Unidad de Mujeres y Ciencia, 
2021) the percentage of female students enrolled in undergraduate studies in the 
area of Health Sciences is 70.8% while in the area of Architecture and Engineering 
is 25.196. The intrinsic cause of these gendered preferences or orientations when 
choosing the studies respond to multiple factors as stated in the work carried out by 
the GenTIC research group at Universitat Oberta de Catalunya (Sáinz, 2011; Sáinz 
et al., 2020; González-Pérez et al., 2020). These factors include family and teachers' 
influence, stereotypes, the perception on maths and ICT abilities, and outstanding 
personalities in the field, among others. The understanding of such factors can signifi- 
cantly contribute to design efficient approaches to increase girls’ engagement to engi- 
neering studies. Even more, it elucidates how gender perspective can be introduced 
in the engineering curricula. 

This gender gap, which is also produced in other Western countries, has nega- 
tive consequences for society and women and reduces their job opportunities in the 
labor market especially in some sectors such as technology, where more net employ- 
ment will be created in the coming years (World Economic Forum, 2016). Women's 
underrepresentation in STEM careers has serious consequences for how research is 
conducted and applied (García-Dauder & Pérez-Sedefio, 2017; Schiebinger, 2021). 
From the educational field, we can contribute to solve this problem by introducing 
the gender perspective in teaching so that "students learn to problematise dominant 
socialisation patterns and develop skills that will enable them to avoid gender blind- 
ness in their future careers" (Catalan University Quality Assurance Agency, 2018). 
Gender equality goals for higher education are found in all national legislations. 
It should be remembered that we have a normative framework for the introduction 
of the gender perspective in higher education in force at European and state level 
(Verge, 2021). However, reality shows us that the level of inclusion of the gender 
perspective is low (Verge & Cabruja, 2017) because as Verge exposes "absence of 
instructions and lack of supervision of the implementation of the gender mandates by 
evaluation agencies have allowed universities to ignore and even actively resist the 
call for curricular reform" (Verge, 2021). Fortunately, the policy innovations recently 
introduced by the Catalan University Quality Assurance Agency (AQU Catalunya) 
can be a model to Spanish quality assurance agency (ANECA), thus contributing to 
integrate the gender perspective in the functioning of higher education institutions 
and in the design and implementation of their programs (Verge, 2021). 

This article examines the similarities and differences in the culture of physics, 
engineering, and mathematics, showing initiatives that can help bridge the gender 
gap in these disciplines. Among them, the guides for the introduction of the gender 
perspective in Physics, Mathematics, and Industrial Engineering that are part of 
the collection Guies per a una docéncia universitària amb perspectiva de génere 
published by the Vives University Network. A pioneering resource in the European 
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Higher Education Area recognized by the European Institute for Gender Equality 
(EIGE) is an example of good practice in its Toolkit for Gender Equality in Academia 
and Research (GEAR). 


9.1.1 Common Aspects of STEM Disciplines 


A significant proportion of faculty and students believes that inequalities are over- 
come, and many young women say they have never experienced, or have seen, any 
discrimination. As a logical result of their identification with the elitism and ratio- 
nality of the fields, they understand meritocracy as neutral. Van den Brink and Stobbe 
(2014) describes understanding meritocracy as neutral in terms of the following 
fallacy: the informal practices that help men in their careers are so normalized in the 
professional culture as to be invisible, while the formal policies established to help 
women overcome these disadvantages are conspicuous; thus, what is done openly to 
encourage women to advance professionally is understood as being unfair by most 
men but also by an important number of women, especially those women who have 
built an identity as part of the elite (and whom the system harms as well). As Sara 
Ahmed tells us (Ahmed, 2017), doing equality work means crashing into walls. Walls 
that were previously concealed and are painfully revealed through the crashing act 
itself. 

Women in academia in Spain have different workload from their male peers, 
according to the sample analyzed in the article by Cabero and Epifanio (2021). 
There is a gender gap about the time spent on quality of teaching and caring tasks. 
Nevertheless, teaching quality is not nearly taking into account in the national system 
of evaluation for promoting. The big difference is on the number of hours devoted to 
care of people and domestic work. During the range from 35 to 40 years, the most 
frequent period of parenting, the difference between women and men is on average 
30 h per week for care. 

All these things should be taken into account in equality policies. A recent paper 
critically reviews the implementation of gender perspective in the regulation of scien- 
tific and technological research in Spain (Barrios et al., 2021), based on the document 
“Stop Discriminación" (https://mym.rsme.es/images/docs/mym/stop.pdf). 

Concerning the introduction of gender perspective in curricula, a deep analysis of 
the work carried out at GenTIC research group at Universitat Oberta de Catalunya 
(Sáinz, 2011; Sáinz et al., 2020; González-Pérez et al., 2020) yields to the identi- 
fication of three key aspects and the corresponding needs. First, it is observed that 
female STEM students show a lower self-confidence than their counterpart what 
might partially be caused by the perception of a lesser ability in maths and ICT 
during their high school studies. Such perceptions persist during their university 
studies. Thus, the empowerment of female students is a need. Second, there are 
still gendered stereotypes in our society and, specifically, concerning STEM occupa- 
tions. Thus, stereotypes need to be revised and awareness must be raised regarding 
the consequences of gender biased stereotypes. Third, the lack of female outstanding 
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personalities in STEM field prevents female students to be engaged. Thus, female 
referents within the STEM field need to be included. The gender perspective in 
engineering disciplines implies meeting these needs. 

In the following lines, the main issues and most interesting strategies identified 
all along a pilot project at the UPC (Рећа et al., 2021) are summarized, following the 
four pillars classification according to Catalan University Quality Assurance Agency 
(2018) (i.e., methodology, learning environment, contents, and assessment). 

Introducing gender perspective in the methodology is intrinsically related to co- 
education. This implies active methodologies such as project base learning (PBL), 
cooperative activities, and debates among others. However, including such method- 
ologies does not guarantee that gender perspective is considered, but it depends on its 
implementation. Nevertheless, active methodologies can be an efficient framework 
where gender activities can be easily included, the idea is to reduce competition and 
emphasize collaboration, and all this is combined with increasing confidence in one’s 
own abilities and reducing the threat of stereotype, as well as improving the sense of 
belonging. In the frame of the European Higher Education Area, active methodolo- 
gies have been gradually introduced in the Spanish STEM curricula. Despite this, 
in the majority of physics, engineering or maths subjects, gender perspective has 
not been integrated nor made explicit. Moreover, the usage of non-sexist nor andro- 
centric language is still missing. An interesting approach to co-education and its 
characteristics can be found in Gónzalez-González et al. (2019). 

АП of these active methodologies involve peers' interaction what corresponds to 
the second pillar of the curricula, the learning environment management. Here, deep 
work is being performed by gender-sensitive teachers when dealing with teamwork. 
The explicit analysis in the classroom related to gender distribution among groups 
and the roles and their gender biases, the rotative nature of such roles and special 
focus on leadership are feasible activities for STEM subjects. 

The learning environment management pillar also includes students’ interaction 
with the teaching staff both inside and outside the classroom. Also, it has been 
Observed that female students feel significantly less comfortable than male students 
participating in the classroom, whereas out-of-the classroom the differences persist 
but are less significant (Alsina et al., 2019). In order to guarantee that female students 
equally participate to the learning process, actions promoting their participation by 
empowering them and increasing self-confidence are slowly being implemented. 

The third pillar, contents, is the one that represents the main obstacle for most 
of the teachers that start introducing the gender perspective in their STEM subjects. 
Identifying specific subject contents related to gender is not straightforward in most 
of the cases. However, each STEM subject provides a good opportunity to visualize 
female engineers and scientists. Indeed, in the analysis of the questionnaire answered 
by students at UPC during 2018-2019, it is observed that there is a lack of female 
referents, especially those internationally recognized in engineering fields (Alsina 
et al., 2019). This scenario is of major concern since the female referents can strongly 
condition the professional expectations of our female students (Botella et al., 2019). 
There are some initiatives among STEM universities in Spain designed to increase 
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the number of female referents, and an interesting example is to propose to students 
the creation of a female biographical profile on Wikipedia (Calvo-Iglesias, 2020). 
The remaining fourth pillar of curricula is the assessment. Gender biased peer- 
assessment and teachers’ assessment have been widely reported (Rasooli et al., 2018; 
Hofer, 2015). Also, several studies can be found related the lower qualifications 
obtained by female students in multiple choice tests (Birenbaum & Feldman, 1998; 
Pekkarinen, 2015; Riener & Wagner, 2017), highlighting the fact that not only the 
methodology but also the instruments are to be deeply revised. However, major 
concern is focused on how the assessment of the new gender-related actions has 
to be defined and described in the teacher guide. Indeed, teacher guides in STEM 
studies are starting to include some of the above mentioned aspects, especially in 
those universities where a gender dedicated transversal competence exists and hence, 
not only the competence but also the learning results have to be explicitly introduced. 


9.1.2 Мат Differences Among STEM Disciplines 


The objective of study of physics is what happens in the material world, what we 
can observe experimentally, formalize in abstract ways, and from these abstractions, 
make predictions about future experimental observations. Following the ideas of 
Barad (2007), we understand that in experiments, in measurements, a reality materi- 
alizes that did not exist before (because it was not known). Although the answer given 
by nature is impossible to deduce a priori and cannot be built from any discourse, 
the question asked, how the experiment is designed, what phenomenon is consid- 
ered important to study, this contains the whole discursive burden of the society that 
produces that knowledge. Furthermore, this response is also articulated in a discur- 
sive way, with metaphors and interpretations that respond to a contingent cultural 
intelligibility. 

Physics has traditionally been done by men, with genealogies of men and stereo- 
typically masculine values. In this sense, Keller (1985) tells us that insofar as physics 
is defined by those who have practiced before it and practice it now, anyone who 
wants to enter this community must adapt to existing codes; anyone who does physics 
without being a man, therefore, has, at the same time, more difficulties but also more 
potential to subvert them. 

The formalism and abstraction of physics can make us lose sight of the fact that 
when we do physics, we are doing gender. In fact, scientific production, because of its 
system of rewards through funding, publications, citing practices, etc., is embedded 
by a patriarchal logic. In addition, science is communicated, also in class, through 
androcentric coded discursive practices. 

Another very prevalent belief, according to Sainz et al. (2017), is that people 
who engage in physics are “geeks” and have few social skills, but instead are very 
intelligent. This profile does not align with the gender roles traditionally assigned 
to women, as they are expected to like (and be competent in) social interaction. In 
addition, gender stereotypes lead to significant biases among teaching staff (Carlone, 
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2004). Active teaching methodologies do not appear to have a positive gender impact 
either (Brewe et al., 2010). Research indicates that even those women who choose 
to study physics find it difficult to reconcile their being women with a legitimate 
identity as scientists (Danielsson, 2012; Gonsalves, 2014). It is no wonder women 
continue to be underrepresented in physics at all levels (Sistema Integrado de Infor- 
mación Universitaria (SIIU), 2019; Figures, 2019), despite decades of interventions 
of various kinds (Archer et al., 2020). 

Physics is taught as an authoritative, unquestionable set of knowledge that is 
transmitted in such a way that it can maintain a high level of difficulty and status 
(Hughes, 2001). Students arriving at the faculty must negotiate these dimensions of 
elitism and difficulty by confronting them first of all with their own coordinates of 
gender, class, parents educational level, ethnicity, and so on, and how they relate 
to stereotyped ideas of what kind of person is brilliant in this field. Then, the pace 
and level of abstraction of the studies themselves, despite being a wonderful way 
to access a world of ideas and information that can be extraordinarily enjoyable 
(when the student finish their studies, they usually miss learning so many interesting 
things in such a short time), is also a constant threat (and in many cases an erosion) 
to theirself-image as people capable of doing physics. In this sense, the feeling of 
belonging is reinforced by codes of behavior and expression, very close to the “geek” 
culture, which are also very much gendered. 

In particular, the jokes and memes that form the backbone of this membership, 
and which are shared by both teachers and students, have the apparent goal of making 
people laugh, but actually serve to establish or strengthen ties within the community, 
while excluding those who do not belong, that do not understand the joke or do not 
find it funny (Johansson & Berge, 2020). And here, in this grouping and excluding, 
the hidden gender curriculum is incorporated in a particularly insidious way, as it 
is very difficult to look critically at the sexism implicit in a social practice, these 
jokes, where adherence or not to enthusiasm and laughing is a kind of shibboleth, a 
password, which indicates whether or not a given individual is part of the group. 

Contrary to Physics stereotypes, the Engineering field has been generally associ- 
ated with a rich labor market, social recognition, and success (Arifio et al., 2019; Sainz 
et al., 2020). Paradoxically, despite such positions require a high degree of communi- 
cation skills and teamwork, the stereotypical profile of an engineer is someone with 
a high level of individualism and with a preference on the object oriented work. As 
an example, the key attractions for engineering students have traditionally been cars, 
motorbikes and space rockets, among others. Many projects and competitions exist 
related to these technologies among engineering universities. This scenario prevents 
girls to be engaged in engineering studies. Moreover, it significantly reduces the 
sense of belonging to the already engaged girls. Indeed, the social utility value was 
the main motivation of already engaged STEM girls (Sáinz et al., 2020), being such 
utility concept mostly related to health and environmental problems solving. It is now 
the time to change the focus of the engineering interest to problems related with the 
17 Sustainable Development Goals, not only in order to increase girls' engagement, 
but to change the goals and stereotypes of all, male and female, engineering students 
and to, gradually, contribute to a change in our society. 
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It is worth to mention that the revision of the stereotypes related to the engi- 
neer (i.e., aggressive leadership, high self-concept, business oriented, ...) and the 
reorientation of the engineering objectives toward social utility values also allow 
male students to find to define their gender identity, out of the traditional roles and 
limitations. 

In math, we can find now both stereotypes. One the one hand, we find the “geek 
archetype” of solitary persons who are proud of being very abstract and not seeing 
any application to what they are doing nowadays. On the other hand, mathematicians 
are now in high demand in business due to the big data and artificial intelligence appli- 
cations, which fits the “technological archetype”. None of them fits the stereotypical 
female role. 


9.2 Key Actions 


The equality committee of the Physics Faculty of Universitat de Barcelona has carried 
out several initiatives to generate an understanding of the very fact that when we do 
physics, we do gender. If we are not aware of this, if we carry on with business as 
usual, we are doing gender in a patriarchal way. We do not advocate to include gender 
in physics (it is there), we do not attempt to teach feminism (feminism cannot be 
taught). We want to give the tools, to our students and colleagues, to reach an “aha” 
moment and start seeing the patterns of exclusion in the codes we have to learn and 
internalize to become physicists. 

We have not been alone in this, a summer school on physics and gender was 
designed and implemented in the context of the European project Diversity in the 
culture of physics (Erlemann et al., 2019), and now the project is over will be 
continued as a Catalan summer school co-organized with Universitat Autónoma de 
Barcelona, Universitat Politécnica de Catalunya, AMIT-Cat, and SCF. This summer 
school is offered to women finishing their degrees so that students can network 
with each other, learn about which research fields are open for them to carry out a 
Ph.D., how a career in physics looks like, gender as relevant to physics, and available 
resources for equality advancement. 

Besides the summer school, the equality committee of the Physics Faculty of 
Universitat de Barcelona also carries out activities for the students to understand the 
matrix of privileges or lack thereof in which they navigate or to critically review 
the metaphors used by famous physicists. In addition, actions are carried out to try 
to reverse the epistemic injustice and to recover genealogies of female physicists of 
the past for the canon. Seminars are offered that help incorporate gender perspective 
into research, entrepreneurship, and dissemination, especially for doctoral students, 
and we also offer seminars to teaching staff, where the importance of the discourse 
1s emphasized, not just in terms of inclusive language, but also with regard to the 
examples or situations described in the problems, and the jokes which are made in 
class. 


172 E. Calvo-Iglesias et al. 


In order to spread how to include the gender perspective to math not only to univer- 
sity teachers but also to teachers of all educational levels, a virtual asynchronous math 
coeducation course (http://www.coeducamates.uji.es/) was carried out in November 
2020 at Jaume I University. Being free, recognized by educational authorities as offi- 
cial training, virtual and asynchronous made that participation was very high: more 
than six hundred people from all over Spain took part. Being asynchronous was key 
because it favors conciliation. The course was formed by short videos of more than 
8 h of duration in total, and written material. There were (written) forums for each 
area and debates where very profitable, with thousands of comments. In the aim to 
assess that participant met the course learning requirements, a multiple-choice test 
was arranged at the end. The resources of the course are available by free for every- 
body, even not being participant. More details about the usefulness and assessment 
of this course by participants can be found in Epifanio et al. (2021). 

Two complementary strategies can be adopted to include a gender perspec- 
tive in curricula. The first consists of including specific subjects, for example, the 
subject Gender Relations, Science, Technology and Society offered by the Univer- 
sity of Valencia in the degrees in Science and Engineering and Architecture, and 
in the degree in Pharmacy or the subject Gender and Science in the new degree 
in Science, Technology and Humanities taught jointly by the Carlos III University, 
Autonomous University of Madrid and the Autonomous University of Barcelona. 
The second strategy is the introduction of gender perspective in curricula through a 
cross-sectional approach. In this approach, gender dimension can be included in all 
subjects through the four pillars of curricula (methodology, learning environment, 
contents and assessment) described above. It implies a cultural change not only in 
the institution policies but also in each one of the members of the teaching staff. To 
this aim, training courses on gender in teaching are being conducted all along the 
Spanish universities including the strongly masculinized engineering ones. However, 
since several resistances might be found during this cultural change, as identified in 
a recent article (Linkova & Mergaert, 2021), more proactive actions must be defined. 
An interesting example is the pioneer pilot project held at the Universitat Politéc- 
nica de Catalunya (UPC) during the course 2018-2019 (Peña et al., 2021). It was a 
volunteer project where 35 teachers (4096 men, belonging to 8 Bachelor and Master 
Degrees) reviewed the state of the art on gender in teaching, discussed strategies, 
experiences, and points of view and defined new activities to be implemented during 
the project. The final outcome of the project was the UPC guide, designed as a check- 
list, with the aim of becoming an easy and practical tool for the whole UPC teaching 
community. In the definition of this pilot project there was the clear intention to 
provide a new learning experience, with less gender biases, to the UPC students all 
along their studies. To this aim, each of the 8 participating degrees was represented 
by a team of at least 3 teachers, with subjects at different courses to provide this 
feeling of coherence all along the studies. 

Similar innovative projects are being currently performed in other Spanish univer- 
sities. For instance, a pilot plan designed for the Electronic Engineering Degree 
of Universitat de Barcelona from 2018 and funded through a PEVG-2019 project 
(Estradé, 2021) contemplates gender mainstreaming in all courses, with a strong 
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focus on teaching staff training. Also, specific gender content is introduced in some 
subjects (Laboratory Fundamentals, Economy, and Projects), and an optative course 
on Science, Technology and Gender is offered as well. 


9.3 Guides for Mainstreaming Gender in University 
Teaching 


Guides for mainstreaming gender in university teaching are a set of guides covering 
various disciplines that provide recommendations for regendering course goals and 
contents, references, and teaching and assessment methods. The goal “is to erode the 
professoriate's resistance to gendering courses, compensating for its lack of gender 
training, and combating the belief that gender is not applicable to certain fields with 
practical examples on how to do so" (Verge, 2021). 


9.3.1 Physics 


“The subject of all physics is affected by the background of the researcher, teacher, 
and student, and it follows that a gender perspective is needed” (Brage, 2019). And 
to do this, it is key to publicize the good practices that have been carried out in this 
subject (or others in the same field) in both Spanish and foreign universities. This is 
what is intended in the physics guide (Calvo-Iglesias, 2021) that covers all aspects 
(competences, methodology) showing how the gender perspective can be introduced 
in physics. 

This guide, which is available in four languages, has been presented at various 
training courses for university teachers organized by the Universities of Alicante, 
Valencia, Girona, and Extremadura. It has also been part of the webinars organized 
by the Specialised Group of Women in Physics on the occasion of the 1 1th February 
(http://www.gemf-rsef.es/1 1-de-febrero-2021/) and has also been presented at other 
conferences. 


9.3.2 Mathematics 


In the mathematical guide (Epifanio, 2020), a lot of emphasis is placed on the 
humanization of problems, not only for social justice but also for breaking with 
the stereotype that math is not useful for real life. 

In basic statistics we can use real data to introduce gender biases, such as the 
Jennifer-John effect (Moss-Racusin et al., 2012) or the importance of sex and gender 
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analysis in science and engineering (Tannenbaum et al., 2019), but social justice 
problems can be introduced in other math subjects (Buell & Shulman, 2019). 

Math guide also highlights the importance of inclusiveness of minoritised groups. 
It shows that LGBTQ content can be included in math problems (Stone Wall, 2017) 
and it provides resources for the visibility of LGBTQ people, people with functional 
diversity or other people who do not fit the archetype of mathematician. 


9.3.3 Engineering 


The concepts and strategies included in the Industrial (or Mechanical) Engineering 
guide (Mas de les Valls & Pefia, 2020) can be easily extended to other engineering 
studies. In the guide, a detailed revision of the four pillars is provided. However, the 
main contribution of the guide is the presentation of a strategy to include gender in 
the contents of an engineering subject. It is based on the classification of all the engi- 
neering subjects in three clusters: (1) scientific foundations, (2) technologies, and (3) 
management subjects. Within the scientific foundation cluster, the contextualization 
of problems and exercises (also for the assessment) is crucial. New contexts could be 
related to health and environmental. Even the data gathered in matrices in Algebra or 
Statistics could be gender segregated data and provide an interesting framework for a 
debate. An interesting example in this direction is written by Alsina, on the integration 
of gender dimension in STEM degrees (Alsina, 2019). The 17 Sustainable Devel- 
opment Goals, adopted as part of the 2030 Agenda for Sustainable Development, 
conform an interesting framework for the technologies cluster of subjects. Indeed, 
aspects such as perception of risk, ergonomics, environmental impact, consumption 
patterns, and others can be included as design parameters and, therefore, present 
gender differences can be analyzed and discussed. Also, service learning activities 
are a good strategy to increase female motivation and deal with communication skills 
and teamwork. An example of it can be found in reference (Calvo-Iglesias, 2016), 
where female engineering students prepared workshops to be hold in schools. In 
this direction, some research show that these role model interventions addressed at 
girls from and above 12-year-old are a way of reducing stereotypes and increasing 
girls’ engagement with STEM fields (González-Pérez et al., 2020). Finally, in the 
management subjects’ cluster the aspects that are gender-related are interpersonal 
skills, leadership, recruitment, and labor market. Concerning leadership, it relies on 
a more opened and cooperative point of view not only for women but also allowing 
a space for men to develop their own styles and a diversity of voices (López-Belloso 
et al., 2021). 
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9.4 Discussion 


As we have seen in this article, STEM disciplines have similarities and differences. 
We have a problem of female vocations that is common to all of them and that 
we should address from an early age. However, at university level we can definitely 
contribute to promote equality among our students through the introduction of gender 
perspective in our STEM disciplines. By doing so, we can contribute to the reduction 
of the stereotypes, we can increase our students’ awareness on the gender issues 
already occurring in STEM professions and we can enable them to become gender 
bias free citizens. 

Being highly masculinized disciplines, we need to mainstream the gender perspec- 
tive and comply with European and state regulations that demand it, but we also need 
to introduce specific subjects that train students in gender, at least while the level 
of mainstreaming is low. It is important to point out that we currently have guides 
for the introduction of the gender perspective that cover many of the STEM disci- 
plines and, thanks to the equality units, numerous courses have been given to train 
university professors. However, to attract faculty to these courses we need incentive. 
We should not forget that in general, the academic career values research more, so it 
should be included as a merit in the accreditations to professors, for example. For all 
this we need to introduce changes in the evaluation agencies that promote changes 
in universities and allow us to overcome possible resistance to the introduction of 
the gender perspective in STEM degrees. 

Other alternatives may be some of those discussed above, for example, being able 
to provide real-life application examples, or an education oriented to the fulfillment 
of the SDGs in engineering. We also consider very important activities such as the 
ones carried out in the framework of the European project Diversity in the culture 
of physics (Erlemann et al., 2019) or the creation of a virtual itinerary of training in 
gender, with courses like those of the UJI (Epifanio et al., 2021). The online activities 
also facilitate the reconciliation of work and personal life and could be a first step 
toward obtaining a certificate in equality. 


9.5 Conclusions 


In this communication we have shown the similarities and differences in relation 
to gender in Physics, Engineering, and Mathematics, as well as some strategies to 
integrate the gender perspective in these disciplines: a summer school on physics 
and gender, an asynchronous virtual course on mathematical coeducation or pilot 
projects carried out at the Universitat Politécnica de Catalunya (UPC) and Universitat 
de Barcelona (UB). Also, the guides for the incorporation of gender in university 
teaching, which show us how to integrate this perspective in the objectives and 
contents of the courses, the references and the teaching and evaluation methods. 
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Although awareness initiatives and a strong commitment from individual profes- 
sors can be a good starting point, we cannot underestimate the power structures 
opposing real change in university settings. In fact, it is when trying to challenge 
these power structures that we realize how deeply entrenched they are. 

A decided political action from institutions is needed, as we see for instance in the 
Catalan context, where the requirement of the assessing agency of University quality 
(AQU) of gender mainstreaming in all studies has led to a new concern for gender 
issues among faculties. How superficial this concern is going to be in the near future 
remains an open question. 

In this sense, it is imperative to network, collaborate, and engage in debate among 
the different agents committed to making and teaching better science and technology 
for everyone. 
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Chapter 10 A) 
Examples of Good Practices in Erasmus+ 02 
Projects that Integrate Gender 
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Abstract The European Union promotes the realization of European projects 
through different programs, among which the Erasmus+ program stands out in the 
educational field. These projects deal with different topics, including gender and 
STEM in the different educational sectors, Higher Education included. In addition, 
the projects are cataloged and can be searched and consulted in the Erasmus+ Project 
Results Platform that allows filtering and choosing by educational sector, project type, 
by specific tokens, as well as selecting those that are labeled as success stories and/or 
good practices. Knowing which have been the projects that have been considered the 
most outstanding, successful, and/or good practice in the field of gender and STEM 
in Higher Education and finding the aspects that characterize them can be a source 
of inspiration to deepen in this field of research based on current experiences that 
have worked. This is the purpose of this chapter, which shows these outstanding 
projects as references in the field of STEM empowerment among women in Higher 
Education. 


Keywords STEM · Gender · European Projects • Erasmus+ * Education 


10.1 Introduction 


The society in which we live is diverse and as such it is necessary to meet the 
educational needs of all groups and ensure that everyone feels included. Itis necessary 
to train all citizens to be competent for the development of an adequate professional 
and personal life. This entails working on equity and diversity in our educational 
centers and is one of the principles of the educational law in Spain (BOE, 2020). In 
addition, this same law also considers gender equality as one of the objectives in all 
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educational stages. UNESCO has defined a series of Sustainable Development Goals 
(SDGs) (UNESCO, 2021a) the fourth being for education. Within this objective, two 
of the goals seek equity, access, and democratization of higher education; the third and 
five targets are linked with gender equality, guaranteeing an inclusive and equitable 
quality education, and promoting lifelong learning opportunities for all. Specifically, 
gender equality is a cross-cutting objective present in most of the SDGs. The data 
compiled by UNESCO, through its Institute of Statistics (UNESCO, 2021b) shows a 
gender gap in professional careers related to Science, Technology, Engineering and 
Mathematics (STEM), both in an educational and professional context, therefore 
achieving work to reduce these differences is a great social challenge. These SDGs 
targets (UNESCO, 2021c) are as follows: 


“Target 4.3: By 2030, ensure equal access for all women and men to affordable quality 
technical, vocational, and tertiary education, including university” (p. 1). 


“Target 4.5: By 2030, eliminate gender disparities in education and ensure equal access to 
all levels of education and vocational training for the vulnerable, including persons with 
disabilities, indigenous people, and children in vulnerable situations” (p. 1). 


An example of this need and challenge, regarding STEM and gender, is shown in 
compass brief number 13 published by the IEA in April 2021 on female science and 
mathematics teachers (Hastedt et al., 2021). This publication points out the need to 
make STEM teachers aware of their strengths and develop their self-efficacy based 
on the following findings: 


“There is no direct relationship between the gender of the teacher and students’ performance 
in science and mathematics. Grade 4 and 8 students taught by female teachers perform just 
as well in science and mathematics than their peers taught by male teachers. Yet, results 
show that female science and mathematics teachers have less self-efficacy than their male 
counterparts” (p. 1). 


The European Union also works to achieve the SDGs and has among its goals the 
improvement of education, achieving greater equity, and attention to diversity. To this 
end, among other things, it promotes the implementation of European educational 
projects with funding aimed at improving teaching-learning systems (UE, 2021a), 
the Erasmus+ Programme (UE, 2021b) stands out in this area. This program finances 
educational projects at all levels, including higher education, so that institutions 
implement and explore new educational methodologies with projects that have among 
their priorities: inclusion and diversity, digital transformation, the environment and 
the fight against climate change and participation in democratic life. 

In the Erasmus+ programme there is a database, known as Erasmus+ Project 
Results Platform (E+PRP) (UE, 2021c), in which a compilation of all the funded 
projects is available, identifying those that have been classified as good practice or 
success story. Therefore, reviewing successful projects in any field, and specifically 
in STEM and gender, can be of great help to see what practices are helping to reduce 
the gap in this educational and professional field. 

Knowledge of successful projects can serve as a beacon to achieve, on the one 
hand, what is working well in other institutions and, on the other, detect possible 
needs to expand the scope of research. 
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For the revision of the projects in Е+РЕР, the methodology of systematic reviews 
of research projects (García Holgado et al., 2019b, 2020c) is really useful because 
it provides a perfect approach to analyze projects because it gives an overview of 
current trends, allowing the identification of gaps and opportunities. This method- 
ology is the one that is being used in the research on “Methodological guide for 
the successful use of digital technologies in education: Improving learning through 
European educational projects" (Alonso de Castro & Garcia-Pefialvo, 2020а, 2020b, 
2021) in order to collect information on successful projects within the framework of 
Erasmus+ related to eLearning and the same technique is applied for the sample of 
projects that are presented in this chapter. 

Within the framework of the GRIAL research group, in which the development of 
this chapter is carried out, some contributions that seek to understand the gender gap 
in higher STEM studies both in Spain and in Europe stand out (García-Holgado et al., 
20192, 2020a, 2020b; Verdugo-Castro et al., 2019, 2020a, 2020b, 2020c). There are 
several analyses that include intervention proposals, interviews, and case studies that 
give an idea of the importance of this topic for the group. Therefore, it is considered 
a topic of great relevance in the group, and this justifies analyzing practical examples 
of projects that have been considered good practice. For this reason, this chapter 
provides specific cases of projects classified as good practice in Erasmus+ Projects 
Platform and that have worked on STEM and gender in higher education so that we 
can take note of the factors that have been useful in the institutions involved. At the 
same time, the situation of projects of this type within the framework of Erasmus+ 
and the possibilities of future work will be analyzed. 

In the analysis of projects that meet the established criteria (Erasmus+ , Good 
Practice, higher education, STEM, and gender), at this moment, a total of 5 projects 
have been found out of the total of 19 existing linked to STEM and gender and the 
more than 35.500 of higher education projects in Erasmus+ . In addition, there is 
another project labeled as good practice in higher education, which also works to 
improve the attraction to STEM careers, which although it is not focused on women, 
can be considered useful for them as well. Therefore, below we are going to see these 
six projects with the information gathered from E+PRP and the projects websites, 
followed with the main conclusions. 


10.2 Project 1—Augmented Reality for Science Education 


This project has been coordinated “Via University College" and had five partners: 
“University of Manchester", “Skolen I Midten", “Fundación Pública Gallega centro 
Tecnológico de Supercomputación de Galicia", “Hogskolen i Oslo og Akershus”, and 
"Centro Püblico Integrado O Cruce". A total of six partners from higher education, 
IT and education, and the school sector from different countries (Denmark, Norway, 
United Kingdom, and Spain). 

It has to do with improving the attractiveness of STEM subjects in schools. It is a 
transversal project that covers different educational levels, not only Higher Education, 


184 M. G. А. de Castro and F. J. Garcia-Pefialvo 


since as can be seen in the composition of partners there are both Universities and 
Foundations and educational centers. Therefore, it is a multi-stage project, in which 
Universities play an important role in researching results, but which is also applied 
in non-tertiary level schools. 

In addition, it does not focus on the stimulation of women in the STEM field 
but tries to improve the attractiveness toward these areas in all sexes. As such, it is 
also valid for women, who through the use of technology, in this case augmented 
reality (AR), will be encouraged to see science from a practical point of view and 
will be encouraged to choose careers and professions related to the field of study. 
In short, it tries to raise awareness and promote a taste for STEM from the base of 
education to instill it from an early age. All the information about this project can be 
found on: https://ec.europa.eu/programmes/erasmus-plus/projects/eplus-project-det 
ails/#project/2014-1-DK01-KA200-000773 as well as on the project webpage http:// 
www.ar-sci.dk/. 


10.2.1 Project Context 


This project focuses on meeting the need to work on new educational approaches and 
methodologies through new technologies as a means of improving teaching-learning 
processes. Specifically, it focuses on issues related to the teaching and learning of 
science and, in addition, to the teaching of the necessary skills in the twenty-first 
century in educational centers. 

It is based on the fact that science subjects pose problems or obstacles for a large 
number of students in European schools. Science subjects are often considered “dif- 
ficult" and require high levels of abstraction. This has led to a decrease in the interest 
of young Europeans in scientific subjects, both during their formative stage and as 
professional opportunities. The main goal of this project is that science education 
can be reinforced through the use of AR, through active and collaborative learning, 
as well as the interaction and visualization of central scientific knowledge. Further- 
more, the technology is believed to have matured enough to introduce it into school 
contexts and involve teachers in the design and production of AR materials. 


10.2.2 Project Objectives 


The main goals of the project are to improve the quality of science teaching and 
learning processes with innovative methodologies; increase the motivation and atti- 
tude of students toward science education; achieve a student-centered model for 
science education, facilitating inquiry-based teaching, collaboration, and active 
learning; and strengthen and improve teaching and learning through technology, 
increasing the attractiveness and didactics for students and teachers. 
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It seeks not only to increase student participation but also to get teachers suffi- 
ciently trained in new technologies so that they get more involved with their students 
and this has been done using augmented reality technologies. 


10.2.3 Project Results 


The methodology developed in the project presents a student-centered approach. 
From the tests carried out in the educational centers, a high motivation on the part of 
the students in the use of technologies such as AR has been detected and this helped 
them to understand the most abstract concepts. In addition, it was possible to attract 
more attention to STEM topics. Specifically, 7696 of the students stated that they 
learned through collaboration with their peers and 6096 observed a different role in 
their teaching staff. After the third round of testing in educational centers, 75% of the 
students, who participated in the tests, indicated that their interest in STEM subjects 
had increased. 

The project has made it possible to foster collaboration between schools, teachers, 
students, teacher trainers, researchers, and developers of educational technology. 

The main results for this project have been: a user guide, webinars on AR in 
science teaching, needs analysis scientific articles, materials development, guide for 
the uses of AR in science education, 6 Piloting and pilot reports, and a full list of 
AR-materials. 


10.3 Project 2—Engendering STEM 


The project is a partnership coordinated by “City of Glasgow College" with five 
partners: "Instituto Específico de Formación Profesional Superior Miguel Altuna”, 
“Stichting VHTO" and “Edinburgh Napier University" from three countries: United 
Kingdom, Spain, and Netherlands. АП of them have a link with the promotion of 
gender equality within the STEM field and belong both to the field of education at 
different educational levels and also in the workplace. 

The focus of the project is on the growing gap in professional training and 
employment in the Science, Technology, Engineering, and Mathematics fields, 
within the framework of the European Union. In addition, it highlights that female 
participation in the labor market is very low in these areas. Therefore, it seeks 
to develop a qualified workforce in STEM to meet the demands of the labor 
market by increasing and involving the female population. This implies over- 
coming the barriers perceived by this population. One of the keys is to empower 
employers and teachers to improve their work practices in order to achieve 
more inclusion and attractiveness on that field. The information of the project is 
compiled on: https://ec.europa.eu/programmes/erasmus-plus/projects/eplus-project- 
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details/#project/2017-1-UK01-KA203-036834, and the project website https://www. 
engenderingstem.co.uk/). 


10.3.1 Project Context 


The main goal of the project is to recognize the factors that distinguish small and 
medium-sized companies (SMEs) from STEM that have achieved equality and diver- 
sity in the workplace and those that still have large differences. Specifically, it sought 
to identify effective strategies to improve gender equality in institutions, as well as 
the different forms and stages of participation. 

As an added target of the project, it highlights that it sought to achieve a posi- 
tive impact on the hiring of women in the STEM sector, especially in the area of 
SMEs. Additionally, they proposed to support the personnel selection and talent 
retention processes in this area. In turn, provide educational resources to improve 
understanding and knowledge of relevant issues in the field. All with a free or low-cost 
flexible educational content approach. 

To achieve this, the project has worked on the development of a self-assessment 
toolkit, together with some good practice guides in increasing gender equality, as 
well as a tailor-made training program. 


10.3.2 Project Objectives 


The most outstanding objectives of the project have been: 


• Achieve better knowledge and awareness of gender equality within the STEM 
sector by training as many participants as possible. 

• Involve agents and institutions related to the field of work in online activities 
throughout the project, fostering interactions on social networks, participation to 
create best practice guides and other project results. 

e Seek support from SMES to test and assess the validity of the Toolkit for the self- 
assessment of gender equality, reviewing the hiring, retention, and promotion 
policies and practices, as well as in the writing of the personalized evaluation 
report according to their specific needs. 

* An additional objective was to increase the average number of women hired by 
participating SMEs. 


10.3.3 Project Results 


The project delivered has developed three key products: 
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e Publication of the research carried out on gender equality, as well as the guides 
of the best practices detected. 

• Online Diagnostic Toolkit for Self-Assessment of Gender Equality. 

• Blended learning training program. 


Through these products generated in the project, the following milestones have 
been achieved: 


• 1,191 participants have been trained in the STEM sector on actions to be carried 
out for gender equality in this field. 

• Involve 2,587 institutions for the development of resources, guides, and interaction 
in social networks and website. 

e Support 56 employers of STEM SMEs in the use of the self-assessment Toolkit 
for practices and policies applied in relation to gender equality in their companies. 

e 47% of the employers who participated in the project have increased the number 
of women hired in their organizations. 


In addition, the project guarantees long-term sustainability through the develop- 
ment of networks of employers, trainers, teachers, and researchers, as well as the 
implementation of all the tools generated within the procedures used by the project 
partners. 


10.4 Project 3—Innovative Women Entrepreneurs 
of the Future 


This project is a strategic partnership in the field of Higher Education in which 
the coordinator is “Bursa Technical University" that worked with five partners, 
“Politecnico di Torino", *I3P— The Innovative Companies Incubator of Politéc- 
nico di Torino", “Silesian University of Technology", “Technopark Gliwice”, and 
“KOSGEB—Small and Medium Enterprises Development Organization". The orga- 
nizations are from three different countries: Turkey, Italy, and Poland have varied 
profiles of the educational and business field connected to STEM. The information of 
the project is available on https://ec.europa.eu/programmes/erasmus-plus/projects/ 
eplus-project-details/#project/2016-1-TRO1-KA203-035231 and also on the project 
website https://www.innowoment.org/. 

Additionally, this project is included on the research work *Methodological guide 
for the successful use of digital technologies in education: Improving learning 
through European educational projects" (Alonso de Castro & Garcia-Pefialvo, 
20202). 
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10.4.1 Project Context 


The project is based on statistical data on women entrepreneurs in Europe which 
indicates that women only represent one third of all entrepreneurs in science and 
technology sectors. This in turn has to do with the proportion of female students 
studying science, technology, engineering, and mathematics in higher education. 
Precisely for this reason, among the priority areas for higher education institutions of 
the EU Modernization Agenda is the stimulation of entrepreneurial capacity through 
learning in interactive environments and improving their ability to participate in the 
creation of companies. 


10.4.2 Project Objectives 


The following objectives of the project stand out: 


e Raise awareness about the gender gap in technological fields and encourage more 
women to study Science, Technology, Engineering, and Mathematics. 

e Train in transversal and entrepreneurial competences, such as critical thinking, 
problem solving, creativity, analysis, knowledge of digital tools, and foreign 
languages. For which, courses, seminars, workshops, and mobilities for learning 
will be developed within the framework of the Erasmus- programme. 

Develop training materials for all potential entrepreneurs. 

Establish a roadmap to achieve an efficient business ecosystem so that potential 
entrepreneurs can participate in the training network, mentoring and with the 
support they need. 


10.4.3 Project Results 


The results of the project have been compiled into two books. 


* Abook on 'Experiences of innovative women entrepreneurs of the future', which 
is a complete guide not only for women, but also for all people who want to start 
their own companies. 

e An electronic book entitled “А roadmap for a successful incubator’ has also been 
implemented, which seeks to serve as a manual not only for future entrepreneurs, 
but also all institutions that wish to support business creation. 


Apart from those books, video clips have been developed in order to encourage 
more female students to study Science, Technology, Engineering, and Mathematics 
degrees, as well as to promote the creation of their own companies. Additionally, it 
was provided an Online Learning Toolkit. 
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10.5 Project 4-Euro4Science: Exploring “CSI Effect" 
and Forensic Sciences to Boost the Appeal of Science 
to Young People and Reinforce Interdisciplinarity 
in European High Schools 


The project is a partnership coordinated by the University of Aveiro (Portugal) and 
in which two schools (in Portugal and the United Kingdom), an NGO (Bulgar-ia) 
and 2 SMEs (Portugal and Poland) participated. Institutions with varied profiles that 
add value to the purposes of the project. 

The project focuses on the problems derived from early school leaving in addition 
to the need to improve the attractiveness of science, technology, engineering, and 
mathematics for young people, which is key to having people trained for the needs 
of the world of work. To do this, it takes advantage of the fact that young people 
are particularly open to the Crime Scene Investigation (CSI) iconography to use this 
theme as a strategy to reduce early school drop-out, as well as to promote cultural 
exchanges and interdisciplinarity to improve social inclusion. The information of 
the project is available on: https://ec.europa.eu/programmes/erasmus-plus/projects/ 
eplus-project-details/#project/2014-1-PT01-KA200-001012 and the project website 
http://euro4science2.eu/. 


10.5.1 Project Context 


Euro4Science’s main objective was to implement innovative educational practices, 
tools and methodologies to improve the quality of the teaching—learning process with 
regard to the attractiveness of science-related subjects and careers. 


10.5.2 Project Objectives 


Among the most relevant objectives of the project are as follows: 


e Encourage interdisciplinary pedagogical approaches, with the collaboration in the 
implementation of an Educational Toolkit in Forensic Sciences. 

e Participation of teachers in experimental education by testing and using the Toolkit 
and participating in various activities of the project. 

• Increase the motivation of European students toward culture and scientific 
professions through participation in scientific activities with experts. 

• Contribute to reducing early school leaving due to greater motivation for teaching 
and a broader knowledge of possible career options, including those related to 
scientific fields. 
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e Pay particular attention to the messages conveyed to girls, to increase attractive- 
ness toward science subjects and degrees in science-related fields. 


10.5.3 Project Results 


Euro4Science, managed to increase the attractiveness of scientific subjects through 
motivational activities linked to the “CSI Theme", as well as involving teachers and 
students of different ages at an international level. This was achieved through: 


e A forensic science education toolbox in 4 languages (English, Portuguese, 
Bulgarian, and Polish) was implemented and tested. 

e 3 “CSI weeks” with motivating activities for students and with the participation 
of the entire educational community. 

• Workshops for teachers; exchanges between groups of students and international 
conferences “CSI @ school”. 


10.6 Project 5—Early Identification of STEM Readiness 
and Targeted Academic Interventions 


This project is a partnership led by the University of Leuven (KU Leuven) with 
three key partners (Hamburg University of Technology [Germany], University of 
Zilina [Slovakia] and KU Leuven [Belgium]), in addition to three supporting partners 
(Budapest University of Technology and Economics [Hungary], Aalto University 
[Finland] and University of Birmingham [UK]) and a partner of the European network 
(European Society for Engineering Education—SEFI). The three key partners are 
STEM education research experts and the supporting partners provided relevant 
information and carried out case studies within their universities. In turn, having the 
SEFI network has made it possible to effectively disseminate the results throughout 
the project. As in the rest of the projects this variety of institutions enrich the work 
and provides a better impact in all the stakeholders. 

The Е+РКР URL for the project is https://ec.europa.eu/programmes/erasmus- 
plus/projects/eplus-project-details/#project/2014-1-BE02-KA200-000462 and more 
detail information could be found on the project website https://iiw.kuleuven.be/eng 
lish/research/readystemgo. 


10.6.1 Project Context 


The project seeks to promote scientific and technological development in Europe 
through adequate training in secondary and higher education. Although it is true that 
there has been an advance in the enrollment of science, technology, engineering, and 
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mathematics studies in most European countries, dropout rates are high, and it is 
necessary to work on the retention of students in these programs. Hence, the main 
goal of this project is to increase student retention rates in higher education STEM 
studies by early identification of those students at risk of dropping out. In addition, 
gender equity and equal opportunities are among its priorities. 


10.6.2 Project Objectives 


To achieve the main goal of the project, three objectives were established: 


e Identification of the key competencies necessary to successfully pass the first year 
in a STEM program. 

* Development of a comprehensive inventory with diagnostic tests that allow 
measuring different competencies, with an assessment of their predictive validity. 

• Research on which intervention tools are best suited to help at-risk students and 
assess their efficiency. 


10.6.3 Project Results 


The first result was the holding of focus group discussions of first-year students, and 
some results were, for example, that first-year students found it difficult to adapt 
to the demands of higher education, as well as problems with understanding when 
they should apply reasoning based on formulas. Afterward, a quantitative survey 
was carried out on the experience of the first year and the obstacles encountered with 
1,451 students from all the partner universities of the project. 

A Learning and Study Strategies Inventory (LASSI), which also contained ques- 
tions on educational background, was then provided to more than 9,000 first-year 
students and the results were linked to performance at the end of the first year. 
Students with poor time management skills were at higher risk of low performance 
or dropping out at the end of the first year. Educational background also had an 
impact on performance. 

In addition, a Science Learning Attitudes Survey was conducted measuring the 
epistemological beliefs of more than 700 first-year students. The results were that 
48% of the students indicated that they applied strategies based on formulas when 
solving engineering problems. Additionally, it was created an inventory with more 
than 100 diagnostic tests and concept inventories to measure academic and non- 
academic skills, all with a focus on STEM. 
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10.7 Project 6-Robotics Opportunities (to Foster) STEM 
Education 


The project is based on an association led by “Universita degli Studi di Firenze” 
with the collaboration of eleven partners of multiple profiles and countries: “Ankara 
Ozel Tevfik Fikret Anadolu Lisesi", “Tis Ferraris Brunelleschi Empoli", “Instituto 
Politecnico do Porto”, “Middle East Technical University”, “Tartu Kivilinna Kool”, 
“Istituto Comprensivo Don Lorenzo Milani", “Technische Universitaet Graz", “NPO 
Robootika", “Istituto Tecnico Tecnologico Statale Silvano Fedi Enrico Fermi. 

Tartu Ulikool"and "Ufficio Scolastico Regionale per la Toscana". 

The КОЗЕ association is based on improving prospects given the current 
crisis context and youth unemployment in Europe, which contrasts with the diffi- 
culty of companies to hire engineers, technologists, and scientists. Therefore, 
the project addresses the improvement of STEM education using robotics and 
addresses the needs to reduce the gender gap by involving all genders, with 
special attention to women, and making science more attractive for all. The 
E+PRP URL is https://ec.europa.eu/programmes/erasmus-plus/projects/eplus-pro 
ject-details/-project/2014-1-IT02-KA200-003,660 and the project webpage http:// 
www.roseproject.eu/. 

Furthermore, it is one of the projects included on the research work “Method- 
ological guide for the successful use of digital technologies in education: Improving 
learning through European educational projects” (Alonso de Castro & Garcia- 
Peñalvo, 2020a). 


10.7.1 Project Context 


The project focuses on improving the level of key competences, paying special atten- 
tion to their relevance to the labor market, as well as promoting quality improvement, 
excellence in innovation and internationalization at an educational level, through 
increased transnational cooperation. All this on the basic objective that is based on 
enhancing the attractiveness of STEM disciplines using robotics and automation. It 
worked to make STEM disciplines more attractive to students from an early stage 
by informing them of the professional possibilities that can be offered in this area. 
On the other hand, focusing on the field of robotics and automation, will encourage 
them to continue studying. Gender, minorities, and accessibility issues are also tack- 
eled, seeking to cover a social need, since participation in STEM disciplines is not 
sufficiently balanced. 
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10.7.2 Project Objectives 


The main objectives of the project are: 


e Work at an educational level to improve employability and competitiveness 
through better training of the population in science, technology, engineering, and 
mathematics. 

• Empower and improve the attractiveness of STEM subjects and professions at the 
school level. 

• Development of student competition models, with special attention to younger 
students to whom these initiatives are not suitable, looking for alternatives in 
those cases. 


10.7.3 Project Results 


The products resulting from the project have been: 


e A questionnaire and survey to analyze the starting point. The answers to the 
questionnaire are available on E+PRP and the project website. 

e A questionnaire at the end of the project to measure the results and impact on the 
attractiveness gained in STEM areas within students. Answers are also available 
on E+PRP and the project website. 

e The design of a vertical Curriculum in Educational Robotics for Italian Schools 
developed in Italian. 

e Didactic Units and assessment rubrics for the vertical Curriculum in Educational 
Robotics. 

• The design of a Vertical Curriculum in Educational Robotics for Schools— 
Summary in English. 

A video for the dissemination of ROSE Project. 
Rubric for assessment of class activity. 
Analysis report. 


10.8 Conclusions 


This chapter has presented six projects classified as good practice in the Erasmus+ 
project results platform that are related to STEM and five of them that also work 
on gender-related aspects. The projects are associations of institutions with different 
characteristics: Universities, non-tertiary educational centers, NGOs, SMEs, Foun- 
dations, etc. This variety of institutions provides great value since it allows working 
on important aspects of STEM and gender such as improving the attractiveness of 
STEM subjects and degrees through innovative methodologies, tools, seminars and 
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workshops, networks, etc. as well as increase the number of women working in 
STEM. 

All the projects analyzed on this chapter use of cutting-edge technologies such as 
augmented reality, robotics, technology in the forensic field, and online resources. 

The projects also work on aspects related to improving attractiveness of STEM, 
entrepreneurship, and the reduction of early school leaving, key aspects to achieve 
an educational system more prepared to have trained people to meet the needs of the 
world of work. 

Some characteristics common to all these projects, and that deserves to be 
highlighted as a reference for other projects, are as follows: 


• The projects analyzed seek to work on motivation toward STEM professions 
within the educational field, creating interesting materials and resources for 
students from an early stage as well as guides and support materials for teacher 
training in improving teaching—learning processes. 

e All have developed tangible resources that are available on their websites to the 
entire educational community. The fact of providing the materials in an open way 
and disseminating them among the stakeholders increases the impact capacity of 
the projects. 

e The resources developed are aimed at the students and teachers who are going 
to use them, a fact that favors their implementation within the study programs 
of educational institutions as common tools. This will help to go on using them 
beyond the Erasmus+ funding period. 

e All the resources implemented have been tested with participants related to the 
area of research: students, teachers, educational centers, and experts within the 
scope of STEM. Involving people identified as having a need for such resources or 
who have problems with their studies, and carrying out tests of their development 
is very useful to measure the degree of validity of the model that is developed. In 
addition, it guarantees that their use and improvement are maintained over time. 

e Technology and innovation are important factors in all projects, as well as novel 
methodologies that can attract the target audience of each research. Technology 
not only helps in motivation but also allows the teaching-learning processes to 
be adapted to the real needs of everyone. 

e Another notable feature is the networking with educational institutions and other 
organizations that complement and help to implement new technologies or provide 
experts in the field of study. Networking encourages collaboration, exchange 
of good practices, and, at the same time, it favors dissemination among peers, 
increasing the impact and real implementation of the products that are developed 
in the projects within the institutions. 

e Online learning, either with eLearning or in a blended mode, is a general 
trend in all the projects reviewed. In fact, two of the projects included in this 
sample of good practices are linked with eLearning and are part of the research 
“Methodological guide for the successful use of digital technologies in education: 
Improving learning through European educational projects” (Alonso de Castro & 
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García-Pefíalvo, 2020a, 2020b, 2021), research in which good practice projects 
in Erasmus+ are also analyzed. 


Additionally, in relation to the number of existing Erasmus+ projects in higher 
education on the subject discussed in this chapter, there is a lot of room for innovation 
and development of educational resources through the Erasmus+ Programme in this 
educational field within the areas of STEM and gender. Only 19 Higher Education 
projects have explicitly worked on STEM and gender and knowing that there are 
more than 35,500 Erasmus+ projects in Higher Education. 

In summary, even knowing that there are only few examples of good practices 
available in higher education under the umbrella of Erasmus+ , the ones that exist 
are a good example that serves as inspiration to review those that have had a great 
impact and attend the needs of higher education institutions in the field of STEM 
and gender. 
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